
AD/A-006 117

PARMETICINVESTI-GATION OF THE Na-Iý 2 O
CO CHEMICAL LASER

R. C. Benson, et al

Johns Hopkinos-University

Prepared for:

Nav-al Plant Representative Office

October 1 974

DISTRIBUTED BY:

Nat~vnal Technical Information Service
U. S. DEPARTMENT OF COMMERCE



Unclassified PLEASE OLD BACK IF NOT NEEDED

SECURITY CLASSIFICATION OF THIS PAGE FOR BIBLIOGRAPHIC PURPOSES

REPORT DOCUMENTATION PAGE
1 REPOPT NUMBER 2 GOVT ACCESSION NO '. RECIPIT'1 CATALOG UMER

APLI.JItIV TG 1266 Z) 4 PI, CaTALO // zUI
4 TITLE tant/Subt,rlel S. TY0k OF REPORT & PERIOD COVERED

PARAMETRIC INVESTIGATION OF THE Na-N 2 C + CO Te~chnical Memorandum
CHEMICAL LASER

6. PERFORMING ORG. REPORT NUMBER

7. AUTHORI$1 S. CONTRACT OR GRANT NUMBERISI

R. C. Benson, C. B. Bargeron. and R. E. Walker N00017-72-C-4401

9. PERFORMING ORGANIZATION NAME & ADDRESS 10. PROGRAM ELEMENt, PROJECT. TASK

The Johns Hopkins Univ'rsity Applied Physi~s Laborntory AREA & WORK UNIT NUMBERS

8621 Georgia Ave. Task Al
Silver Spring, Md. 20910

11. CONTROLLIIG OFFICE NAME & ADDRESS 12. REPORT DATE

Naval Plant Represe-ntative Office October 1974
8621 Georgia Ave. 13. NUMBER CPAGES

Silver Spring. Md. 20910 4-44-.bt=lk)

14. MONITORING AGENCY NAME A ADORESS 1S. SECURITY CLASS. (of this 'r.esp

Naval Plant Representative Office Unclassified
8621 Georgia Ave.
Silver Spring. Md. 20910 is. DECLASSIFICATION/DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.
NA

17. OtSTRISUTION STATEMENT!!_._%0tf•IwtnfiInsn Vldock 20. tdeffensit from RepoIrt

Reproduced by

NA NATIONAL TECHNICAL
INFORMATION, SERVICE

US 0 o96Meit of Commerce
, ~Spnollheld. VA. 22151

13. SUPPLEMENTARY NOTES

NA

19. KEY WORDS IC(Lnritu* On mevu aide an nhcedmly aidennfrb block number'

N2 0 chemical laser Alkali metal catalysts
Chemical laser gain Chain length
Stoichiometry Chain breaking fI UIJf TO C•,G
Chemical kinetics JW A .!T0 = G

20 ABSTRACT (Continue On reverse side if nocersav and identify br block number)

The effects of several parameters on the gain of the Na-N 2 0+CO chemical laser system
have been studied. The chemical reaction mechanism in its simplest form consists of the follow-
ing reaction chain:

Na , N2 0- N2 + NaO + 21.0 kcal/mole

NaO + CO- CO2 4 Na + 66.2 kcal/mole.

The reaction proceeds rapidly at room temperature, accompanied by intense sodium D-line chem-
ilumlncscence. At low combustion efficiencies (10 to 20%)and an excess of N2 0, the system
I&ses at 10o 81A with N20 as the optically active species. The diluent is heue,- which is the carrie

of the sodium vapor derived from thermally decomposing the easily handled NaN 3 powder. In a

rORMDD oJAN13 1473 Unclassified
SECURITY CLASSIFICATION OF THIS PAGE



. UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (1ften Dam, EnteredJ

(Bloc 20 continued)

4 output is designed to assiu•t the logistics analyst in assessing shipping
and port operations. OutFut sunuaries for each port include its use by
each ship and the amount ,jf cargo that entered and left the port.

I#

ffris Whita st~f

.1

MAI

L (-, UNCLASSIFIED
SECURITY CLASSIFICATION OF-THIS PAGE(fUnSI DPtal Rtntered)



-~-

TABLE OF CONTENTS

Page

LIST OF FIGURES. . . . . . . . . . . . . . . . . . . * . . . iv

LIST OF TABLES . . . . . . . . . . . . . . . . ,. . . . ... iv

ARSTI ACT.. . . . . . . . . . . . . . . 1

1. *INTRODUCTION ................. . . . . ..

2. SYSTEM CHARACTERISTICS . . . . . . . . ....... 3

2.1 OVERVIEW. . . . . . . . . . . . . . . . . . . . .. 3

2.2 SHIP CHARACTERISTICS . . . . . . . . . . . . . . * 3
2.2.1 Ship Description . . . . . . . . . . . . . . . . . 3
2.2.2 Ship Routing . .*. . . . . * . ... * * .. . .. . 5

2.2.2.1 Itinerary Shipping. . . . . . . . ...... 5
2.2.2.2 Intratheater Shipping . . . . . .... 6
2.2.2.3 Intertheater Shipping . . . . . ... 6

2.2.3 Ship Pool ...... . . . . . . . . . . . ... . 7

2.3 PORT CHARACTERISTICS ...... . ........ . . . . . 9
2.3.1 Port Description .. . * ...... . . . . . . . 9
2.3.2 Bzrth Selection and Queue Operation. . . . . . . . . . 9

2.4 CARGO CHARACTERISTJ'S3 ............. ....... 10
2.4.1 Cargo Types. . . . . . . . . . . . .. . . .. 10
2.4.2 Cargo Generation . . . . . . . . . . . . . . . . 10
2.4.3 Cargo Transfer System . . . . . . . . . . . . . . . . 11
2.4.4 Cargo Handling Rates ................. 11

2.5 COSTS . . . . . . . . . . . .. . . . . .. . . 12

3 . SYSTEM OUTPUT ..... ........... . ........ . . 13

4. THE PROGRAM . .. .. ... .. . .. .. .. .. ....... 14

4.1 DEFINITION OF EVENT . ... .. .. .. ........... 14
492 EVENT LIST . .. .. *.. .. .. .. ... . .. .. ..... 14

4.3 SUBROUTINE DESCRIPTIONS . . . ............. . . . . 16

5. MODEL INPUT. . . . . . . . . . . . .. . . . . . . . 19

5.1 PRODUCTIVITY RATES ...................... 19

5.2 DISTANCES . . . . . . . . . . . . . . . . . . . . 21

5.3 CYCLE TIME. . . . . . . . . . . . . . . . . . . . 21

5.4 ADJUSTMENTS . . ..... . . .. . ... . . . . . . 22

5.5 COST PER TON. . ......... .. . . .. .. ...... 23

5.6 ADMINISTRATIVE COST ..................... 24

i- i

- - ¢



Page

5.7 NUMER OF ITINERARIES. . . . . . . . . . . . . . . . . . . 24

5.8 ITINERARY. . . . . . . . . . . . . . . . . . . . . 24

5.9 RUN IDENTIFICATION . . . . . . . . . . . . . ..... . . . 26

5.10 GENERAL INFORMATION. ..... . . . .o . . . . . . . . . . 26

5.11 PORTS PRINTED . . . .. . . . . . . . . . . . . . . . .a 27

5.12 NUMBER OF CARGO GENERATIONS. . . . . . .o . . . . . .e . . . 27

5.14 FORT INFORMATTOI.ON.. .. . .. . ....o... 29

5.15 SHIP TYPE. . . . . . . . . . . . . . . . . . . . . . . . . 30

5.16 SHIP IDENTIFICATION. . . . . . . . . ......-.. 32

5.17 MANIPULATION ... . . . . . . . . . . . . . . . . . . . . 35

APPENDIX A -GENERAL DESCRIPTION OF REACT II . . . o . . . . . . o 37

APPENDIX B -SAMPLE OUTPUT. . . . . . . . . . . . . . . . . . . 43

APPENDIX C -PROGRAM LISTING. . . . . . . . . 63

REFERENCE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

LI1ST OF FTGURES

I -Interrelationships among Cargo, Ships, and Ports . . . . . . . . . 4

2- Subroutine Flow.......... . . . . . . . . . . . . . . . . o. 15

LIST OF TABLES

1 - Major Events . . . . .. . . . . . . . . . . . . . . . . . . . 14

2 -Input Card Requirement Summary .. .. ........ . . . . . . . 20

iv



ABSTRACT

The REACT 11 computer program simulates port and
shipping operations for movement of cargo by sealift.
Port and berth characteriqtics, ship types and charac-
teristics, cargo types and amounts, and shipping rou.tes
aro input.

Modc! output consists of cargo generated and de-
livered by type and port, ship and port utilization, and
ship operating costs. The model output is designed to
assist the logistics analyst: in assessing shipping and
port operations. Output summaries for each port Include
its use by each ship and the amount of cargo that
entered and left th port.

SECTION 1

INTRODUCTION

A computer simulation model known as REACT, an acronym for Requirement

Evaluated Against Cargo Transportation, 1*waa developed by Research

AssciaesIncorporated for the Integrated Sealift S3tudy to simulate the

movement of ships transporting cargo among ports. The purpose of REACT was

to establish the interrelationships among the number and types of ships and

their delivery patterns and schedules in sealift operations in order to

satisfy time-phased cargo requirements.

As new applications arose, the REACT computer program was modified,

but these changes were never fully documented. Consequently, in order to

interpret REACT results accurately, it was necessary to examine these

changes and to make corrections and additional revisions to meet current

needs. The revised version, designated REACT II, is dccumented in this

report in complete form. Individual modifications are not identified.

This report describes the overall operation of the model an%' its sub-

routines, its system characteristics, input, and output. A general de-

scription of the original REACT model is provided in Appendix A.

J *A complete listing of references is given on page 99.



SECTION 2

SYSTEM CHARACTERISTICS

2.1 OVERVIEW

In the simulation of sealift opernlions with the REACT II model, cargo

is generated at designated ports of embarkation (PCE's). As ships arrive,

the cargo is loaded and the ships then sail to destination ports where

cargo is unloaded. The ships then sail to other POE's, loading and unload-

ing -argo on their routes. The cycle continues until all the cargo hes

been delivered.

Since all ports cannot accommodate all types of ships and all ships

cannot accommodate all types of cargo, restrictive criteria are input to

the simulation model. Figure 1 reptesents the interrelationships of ships,

ports, and cargo in the system. The intersections of two circles represert

(a) cargo types that can be handled ut each port, (b) cargo types that can

be carried by each type of ship, and (c) ship types that can enter each

port. The intersection of all three circles represents (d) ship operations

that satisfy all input conditions, i.e., ships carrying acceptable cargo

loading or unloading at acceptable ports.

2.ý? SHIP CHARACTERISTICS

2.2.1 Ship Description

Ships are defined as specific types according to the following

characteristics:

Cargo types the ship can carry
* Cargo capacities in weight (long tons) and volime (measurement

tons)

* Draft at full load (feet)

0 Sustained speed (knots)

Daily costs of operation in port and at sea (dollars)

* Transfer system(s) used, with an adjustment factor for

mu.titransfer systems (see Cargo Handling Rates,

Section 2.4.4)

3
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Figure 1 - Interrelationships among Cargo, Ships, and Ports

4

- -. - - -- 2-



• Port berthing preferences (see Berth Selection and

Queue Operation, Section 2.3.2)

e Capability to change home or delivery theater when

leaving the ship pool (see Ship Pool, Section 2.2.3)

Initially each ship in the system is assigned a ship type, a time at

which it becomes available to transport cargo, and a routing schedule which

defines the group of ports it may enter. In the simu.atlon a ship loads

only acceptable cargo destined for a port thich meets the following re-

quirements: (1) it has a facility the ship may berth at, (2) it is on the

ship's routing schedule, and (3) it has a depth greater than the ship's

draft.* The ship is loaded tG 80 percent of its volume capacity unless

that amount is greater than its weight capacity, in which case the ship is

loaded to its weight capacity.

2.2.2 Ship Routing

The model allows three different types of ship routing. A ship as-

signed an itinerary travels to ports on a pre-determined route. An itiner-

ary is defined as an ordered set of not more than ten ports. The model can

accommodate ten itineraries.

Ships not assigned itineraries travel to theaters where cargo is

available. A theater is a group of ports in a geographical arcd. A non-

itinerary ship may be either an intratheater or intertheater ship. An

irtratheater ship travels within a theater; an intertheater ship travels

between theaters.

2.2.2.1 Itinerary Shipping. Ships assigned to operate on a particular

itinerary vis.t the specified ports in the order in which the ports are in-

put to the itinerary. On reaching one of these ports, a ship discharges

cargo identified for that port. Cargo destined for ports on the ship's

itinerary and acceptable for that ship type is loaded aboard the ship.

Itinerary ships operate continuously and never enter the "ship pool."

* Although the model has the capability to examine draft, '.is function

is not used in the present version.
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2.2.2.2 Intratheater Shipping. Intratheater ships load cargo only for

those ports which are in the same theater as the port generating the cargo.

Therefore, when an intratheater ship enters a port and discharges any

cargo aboard for that port, a search is made only for acceptable cargo to

be delivered in the same theater. After this cargo, if any, is loaded, the

ship heads for the nearest port for which it has cargo. If there is no

cargo aboard, a check determines whether there is any it.tratheiter cargo at

any port in theater that needs to be shipped. The port which hrs the larg-

eat amount of such cargo becomes the next port to be visited by the ship.

If there 's no port with intratheater cargo, the ship joins the ship pool.

2.2.2.3 Intertheater Shipping. Ships assigned to this type of peration

load cargo that is generated in one theater for delivery to another theater.

When a ship reaches a port, it first discharges any cargo deliverable to
that port. Subsequent actions depend on whether the ship is in its de-

livery theater or its home theater, both of which are inputs for each

intertheater ship. In the model, the home theater is the one that con-

tains the home port of the ship; the delivery theater is the one for which

the ship is loading cargo when in its home theater.

When a ship is in its home theater searching for cargo to load for its

delivery theater, the following questions trist be answered:

a Is the cargo acceptable for this ship?

- Is the depth of the destination port compatible with the

ship draft?

Does the destination port for this cargo have an accept-

able unloading facility?

After all cargo meeting the above criteria is loaded, the ship sails

for the closest port in the home theater fcr which it has retrograde cargo

aboard. Retrograde cargo is cargo scheduled for delivery to a port in the

home theater. This cargo was loaded in the ship's delivery theater. If

there is no retrograde cargo aboard and the ship is at least 80 percent

full, it sails for the closest port in its delivery theater.

If the ship's current load volume is between 20 percent and 80 percent

of capacizy, a check is made to determine whether the time in current oper-

ations in the home theater has exceeded 1/3 of the input cycle time between

6



the home theater and delivery theater of the ship. If so, the ship sails

for the closest port in its delivery theater for which it has cargo.

If the ship is under 80 percent loaded and less than 1/3 of the cycle

time has expired, or if the ship is under 20 percent loaded even when more

than 1/3 of the cycle time has expired, the ship searches the other ports

in its home theater for cargo destined for its delivery theater. If it

finds acceptable cargo amounting to at least 500 measurement tons, the ship

sails for that port to load that car'go. If no such port is found, a check

is made to determine whether the ship his any cargo aboard. If there is

no cargo aboard, the ship retires from operations and joins the ship pool.

If the ship has any cargo at all, it sails to the ports in the delivery

theater for iAiich it has cargo aboard.

When a ship is at a port in its delivery theater, all cargo to be de-

livered to that port is discharged and acceptable cargo to be delivered to

a port in the home theater is loaded. If more c.orgo is aboard for other

port(s) in the delivery theater, the closest such port is selected as the

next port of call for the ship. If there is no cargo aboard, the ship re-

turns to its home port.

Intertheater ships may also operate as intratheater ships. This sit-

uation occurs when the next destination port of an intertheater ship is

within the same theater as the current port. If it is, a :heck determines

whether intratheater cargo exists at the current port for delivery to the

next port of call. If so, and if the cargo is of an acceptable type, that

cargo is also loaded at the current port.

2.2.3 Ship Pool

The model provides for a pool of ships. Ships enter the pool for one

of two reasons:

1. Some ships are assigned to the pool at the start of the simulation

and are available for operations at day 30. This feature may be useful in

automatically allocating ships on a delayed basis.

2. The ships were previously in normal operations and entered the

pool because theze was no caigo to be delivered for which they were elig-

ible carriers. Ships remain in the pool for the period of time specified

in the input.

7



A check every seven days determines whether cargo delivery require-

ments during the work week warra 'the removal of any ships from the pool.

This check establishes an array, A(i,j), (i represents the home theater and

j the delivery theater) which represents cargo awaiting delivery for which

shipping is not presently available. The array is established by the

following steps:

*Tabulate the current amount of cargo waiting to be moved

from one theater to another or within a theater

"* Determine which ships presently operating will be avail-

able to transport cargo during the following week

"* Compute A(i~j) by subtracting the capacity of these

available ships from the appropriate entry in the I
array of cargo to be delivered

If any of the entries A(i~j) are greater than 10,000 measurement tons,

the pool is searched for ships that may transport the cargo. Ships are re-

moved from the pool in the order in which they meet the following

requirements:

* Ships having home theater Isis and delivery theater*j 1

0 Ships having home theater "i" and the capability of
4,

changing delivery theater

*Ships having the capability of changing home and

delivery theaters

1.f a ship satisfies one of the above criteria, it is removed from the

pool provided at least 500 measurement tons of acceptable cargo are avail- I
able at theater "i.11

When a ship is selected from the pool, it is considered available at

its new home port immediately. It is assumed that the need for the ship f
will have been established early enough to give the ship time to reach

its initial port.

8



2.3 PORT CHARACTERISTICS

2.3.1 Port Description

The following inputs are required to define each port:

1. Number of berths of each of six types at the port.

2. Theater in which the port is sit~ated.

3. Maximum acceptable ship draft.

(1,2, and 3 above restrict the ship types that may enter the port.)

4. Miscellaneous port delay (time in days) -- Represents time neededI to service the ship at that port.
5. Cargo handling adjustment factor -- Used to modify the base cargo

rhandling rate to reflect the efficiency of cargo handling operations at the

port and the number of shifts worked.I 6. Cargo handling costs (dollars per day) -- Reprerents the direct

charges associated with cargo handling operations at the port.

7. Name of the port -- Used in the summary output for port

identification.

Distances between ports are also input and are needed to calculate the

amount of time spent traveling, the cost of travel, and in some cases, to

determine the port to which the ship will travel.

2.3.2 Berth Selection and Queue Operation

When a ship reaches a port, it must determine which type of berth to

enter (see Section 5.14 for berths used). Since provision is made to input

preferred berth types for each ship, a check is made of the preference se-

quence. If there is a preferred berth type, the ship enters that type if it

is available. If it is not available, a check is made to determine whether

a second preference is indicated. If so, and that type is available, the

ship enters that type. If that type is not available, or if there is not

a second preference, the ship joins the queue, or waiting line, to await

service for the preferred type.

If there are no input berth type preferences, the model determines the

berth type to be used on the basis of the cargo handling rate at each berth.

Computations are made to determine which berth type at the port would result

in the maximum discharge rate for the type of cargo aboard. If that type

9A



is available, the ship enters the berth. If it is not available, thie model

determines which of the available typeao has the greatest discharge rate. If

that rate is at least an acceptable percentage (an input) of the previously

computed maximum rate, that berth type is used by the ship. If an accept-

able facility cannot be found on this basis, the ship enters the queue to

await servic- at the berth type which has the maximum rate. If within the

queue at a given port more than one chip is vaiting for the s~tme berth tyre,

the ships are removed in the order in which they entered the queue.

2.4 CAlIGO CHARACTERISTICS

2.4.1 Cargo Types

DOD material is classified in terms of various supply commodities,

e.g., Subsistence; Clothing; Petroleum, Oil and Lubrication (POL); Azmuv-

nition; Major End Items. A single supply commodity or a combination of

commodities with similar characteristics is referred to in REACT II as a

cargo type. Supply commodities can be combined when they have similar

methods and rates of handling, storage requirements, and ratios of volume

(measurement tons (11T)) to weight (long tons (LT)), MTILT.

2.4.2 Cargo Generation

The buildup of cargo at a port is simulated by cargo generation.

Input parameters for cargo generation are:

9Tire of generation

*Frequency of generation

- Amount and type of cargo

-Origin and delivery ports

These parameters establish a schedule for cargo generation. Cargo may

be generated only once or at regular intervals. The model allows for one

change in the frequency of the interval during a given simulation run.

Factors which control the schedule of cargo generation are:

- First day of generation

0Frequency of generation

* Day on which frequency changes

-Nwfrequency

*Last day of generation

10



2.4.3 -"argo Transfer Systems

The REACT II model accommodates sixr different cargo transfer systems,

one or more of which are associated with each ship type. A transfer ays-

tern refers to the network of equipment used to load and unload a ship and

includes equipment both at the port and on the ship. A given transfer

system is used only at a specific type of berth. The productivity rate of

a transfer system/berth combination includes the type of cargo to be

handled and ts input through a three-diw1ensic~aal. array (z-argo, transfer

system, and berth). For those combinations which are not valid, a zero is

entered in the array.

When a ship arrives at a port, the berth providing the highest cargo

handling rate is chosen. To select the berth the model may query the array

or follow the user's input for the ship's first and second choices for

berth types.

2.4.4 Cargo Handling Rates

The productivity rate is the amount (in measurement tons) of cargo of

a particular type that may be discharged per 8-hour shift from a ship in a

particular type of berth and using a particular transfer system. The rate

at which a ship's cargo is~ loaded or discharged is a function of the base

handling rarp and adjustment factors (Section 5.4). The base rate may be

either a single productivity rate or the sum of appropriate rates when

more than one transfer system is used. (The summing of rates implies in-

dependent operation of transfer systems.) The base rate is derived from

the productivity rate array and is adjusted, as required. Adjustments to

productivity rates reflect that
I. Cargo may be unloaded and loaded at different rates. If the

adjustment factor is other than unity, different rates will be used for

all o~ Different ports can have different cargo movement rates even when

alloterfactors are equal. For each port the base rate is adjusted by

an input value.

3. Cargo may not be handled at the assigned rate when more than one

ship transfer system is being utilized. An input factor accounts for in-

dependence of, or interference between, the transfer systems.



The time required to m~ove cargo iE a functiori. of this adjusted rate

and the amount of cargo to be moved.

Since a ship may carry more than one type of cargo, the time required

to handle each cargo type must be computed and summed to give the total

time for handling the cargo.

S~ice a ship may encounter miscellaneous delays at a port, a delay

time is input for each port. The total time in port is the sum of this

delay time and the time required for load/discharge operations.

2.5 COSTS

The model determines total system costs on a cumulative basis.~ These

costs include the direct operating costs of the ship in port and at sea e'nd

the handling costs associated with the movement of cargo. The model re-

quires as input: (1) the costs at sea and costs in port for a particular

ship type, (2) administrative costs associated with each type of ship

owner,* and (3) cargo handling costs for a given port. Each of these costs

is input in dollars per day. Contributions to the total system costs for

each ship (except owner type I ships, Berth Liner) are as follows:

* or each day in transit, operacing costs at sea as a

function of the ship type.

*For each day in port, operating costs as a function of

ship type and cargo handling costs as a function of the

individual port.

'For each day spent in the queue awaiting port service,

costs on the basis of ship type.

*For each day of operation, in transit, in port, and in

queue, the administrative costs as a function of the

ship owner.

For owner type 1 ships, the only contribution to system costs is the

cost per measurement ton per thousand miles for cargo (by type) delivered.

Vo costs are accumulated for ships in the pool.

*Up to six different ship owner types are allowed in the program.
Section 5.6 indicates those presently used.

12



SECTION 3

SYSTEM OUTPUT

REACT 11 simulates only the shipping operations being studied; no

optimal solution is computed. From the output statistics, the simulated

shipping operation can be analyzed.

The output of REACT II is composed of two parts: paper -isting and

punched cards. The paper listing consists of three sections, Model Inputr Listing, Ship Event History, and System Status Summary.
The Input Listing is useful in validating the input from punched cards

and also describes the system to which the output applies.

and is useful in reconstructing the sequence of events during the run. The

Event History includes the time a ship enters and leaves a queue, port, or

ship pool, and the information associated with each event. Production of

the Event History is optional; its suppression produces a shortened version

of System Status Summary.

The System Status Summary is printed both periodically and at the comn-

pletion of the run. It includes cumulative costs, the current number of

ships in the pool, and port information. From this output, an analyst can

determine whether the berthing facilities at a specific port are adequate,

or whether the given number of ships is capable of meeting the cargo

movement requirements.

The model also produces punched cards for input to an external program

which graphs the results. A card is made for each day shown in the printed

System Status Summaries. Each card contains the day the values are calcu-

lated and cumulative information describing, by class, cargo generated,

cargo shipped, and cargo delivered. A sample output is given in

Appendix B.

13



SECTION 4

THE PROGRAM

The REACT II model is composed of eleven Fortran IV subroutines. Each

subroutine has a particular function, which is performed at a specific time

determined either by input or by a previous operation. Figure 2 shows the

organization of the REACT model.

4.1 DE~FINITION OF EVENT

The requirement for a specific operation (such as the arrival of a ship

at a port, or the generation of cargo at a port) s..hedules an event which

is to occur at a later time. The event is said to occur when the operation

cisions frsubsequent events are made.

Themaorevents in shpoperations adtesubroutines promn

them are listed in Table 1.

TABLE I -MAJOR EVENTS

Event Subroutine

Cargo Generation CARGEN

Ship Enters Port PORT

KCargo Loaded LOAD

Ship Leaves Port MOVE

Ship Transported To Port

Remove Ship from Pool KRGEVL

If Conditions Satisfied

Print Output jPRINT
Terminate Execution ENDGAM

4.2 EVENT LIST

The scheduling of events in the model during the simulation requires a

bookkeeping system. The system consists of an event list and operations

which (1) store events on the list as they are generated, and (2) remove

events from the list at the appropriate times throughout the simulation.
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I MOVE (PUT.u QUEUE)*

IPORT (PUT, QUEUE, LOAD)3 -Z,--

MAIN (PUT) TAKE ARGEVI (PUT) TAKE

CARGEN (PUT)
PRINT (PUT)

ENDGAM (PRINT)

"IN CASE OF ABNORMAL TERMINATION, CONTROL IS TRANSFERRED T3 ENDGAM.

WHEN SUBROUTINES IN PARENTHESIS ARE CALLED, CONTROL RETURNS TO THE

CALLING SUBROUTINE.

Figure 2 - Subroutine Flow

I
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The event list contains references to the locations in the computer

used to store events generated during the simulation. Along with each

event is stored the time at which it will occur and its description. The
events are arranged on the list chronologically by their simulated occur-

ence times. Subroutine PUT stores events on the event list. An event is

simulated by removing the event from the event list. Subroutine TAKE re-

moves events from the event list. The appropriate subroutine 18 then

entered to perform the required functions. For example, removing a cargo

generation event from the list simulates the generation of a quantity of

cargo specified in the input.

The initial Event List, which is formulated in Subroutine MAIN, is

F composed of the following events:

0Cargo generation check on day I

0 The first day the System Status report is to be printed

0 The day each ship will be available at its origin port

0The first day the pool is to be checked

0The day the mission is to terminate

The events are stored in the order in which they are to occur along

with ship numbers for those events involving ships.

From MAIN control is transferred to TAKE which removes the first event

from the event list and transfers control to the appropriate subroutines.

Once TAKE has been called, control is not returned to MAIN. Subsequently,

additional events are placed on the event list to simulate ship operations.

For instance, when a ship is available, a MOVE event is generated repre-

senting the movement of the ship to the port at which cargo has been gener-

aebya CARGEN event. A PORT event simulates the ship entering the port

adaLOAD event simulates loading of the ship.

4.3 SUBROUTINE DESCRIPTIONS

to CARGEN generates cargo as spcfe yinput. It is called on day I

togenerate the appropriate cargo. The "next day" cargo to be generated is

determined and a new entry for the Event List is created.

16



ENDGAM terminates execution. Normally termination is at a day speci-

fled by input, but abnormal termination may occur earlier and at, error

message is then printed. ENDGAM also prints additional summary information.

KRGEVL evaluates the need to remove ships from the pool every seven

days. If all criteria are met (see Section 2.2.3), a shap is removed from

the pool and sent to the appropriate port (a new entry to the Event List).

LOAD loads cargo on ships, updates costs, and returns control to PORT.

MAIN reads the input data, initiates storage areas, formulates the

initial event list, and writes the data inputs.

MOVE determines the time at which a ship will arrive at its destination

port and sets up a PORT event for that day. If the ship is not to be sent

to a port, MOVE adds it to the ship pool. MOVE also determines whethec any

ships are in the queue for the facility that the ship is leaving. If so,

PORT events for the ships in the queue are generated.

PORT is the central control mechanism for ship careo handling activi-

ties. This subroutine

1. Determines -he berth a ship is to enter. If a berth is not

available, the ship enters the queue and control is transferred to TAKE.

2. Unloads cargo.

3. Determines acceptable cargo.

4. Updates costs.

5. Tabulates cargo handling time.

6. DeLermines next destination port and sets up a MOVE event for the

time at whichi tha si'ip is to leave the port.

PlU4T prints oAt the Status Summary Repo:t. A PRINT event occurs at

the current time plus the print interval specified in the input.

PUT enters events on the event list in chronological order.

QUEhU` maintains a list of thips waiting to enter a particular berth

type at a gi-'en port,

TAC•i icmovee an event from the event list and transfers control to

the appropriate subroutine.

.17



SECTiON 5

MODEL INPUT

Parameters required for execution of REACT, summarized in Table 2, are

input on cards. Cards must be input in the order given in the table.

The following sections describe the individual card formdts.

5.1 P•'.ODUCTIVITY RATES

4These cards contain base rates used in calculating the amount of time

a ship will spend in cargo handling operations at each port. The produc-

tivity rate is defined as the amount (in measurement tons) of a particular

type of cargo that may be discharged per 8-hour day from a ship at a

particular berth type and using a particular cargo transfer system.

PRODUC(IJ,K) where:

I is the berth type number (1 to 6)

J is the cargo transfer system number (I to 6)

K Is the cargo type number (1 to 8)

COLS 1-48 COLS 49-72 COLS 73-80

Card I PRODUC (I,1,K) K-1,8 blank PROD

Card 2 PRODUC (1,2,K) K-1,8 to

Card 6 PRODUC (1,6,K) K-1,8 "

Card 7 PRODUC (2,1,K) K-1,8

Card 35 PRODUC (6,5,K) K-1,8 of

Caid 36 PRODUC (6,6,K) K-1,8

Each productivity rate has an F6.0 format.
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TABLE 2 - INPUT CARD REQUIREMENT SUMMARY

Data On Card(s) Card Name Number of Cards

1. Productivity rates PROD 36

2. Distances DIST 90

3. Cycle time KKTME I

4. Adjustments ADJUST 1

5. Cost ier ton CSTTON I

6. Administrative costs CSTADM I

7. Number of itineraries NITIN 1

8. Itinerary ITIN NITIN

9. Run identification IDENT I

10. General information GENERAL I

11. Ports printed REPORT I

12. Number of cargo generations NKOGOGN 1

13. Cargo generations CGEN NKGOGN

14. ?ort information PORT NNPORT*

15. Ship type ST NTYPE*

16. Ship identification SHIP NSHIP*/4
17. Manipulation MANIP 4

*These values also appear on the GENERAL information card,
Card 10.
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5.2 DISTANCFS

These cards contain tie d.'ctE.c7eR, f nautical m.les, between any two

oorts. These distances are us,.d tr, compute sailing times for nonitinerary

ships.

DIST(I,J) where:

I is the origin pcrt number (I to 30)

J is the destination port number (1 to 30)

COLS 1-60 COLS 61-72 COLS 73-80

Card 1 DIST (1,J) J-1l,10 blank DIST

Card 2 DIST (1,J) J-11,20 "

Card 3 DIST (1,J) J-21,30 "

Card 4 DIST (2,J) J-l,10

Card 90 DIST (30,J) J-21,30

Each distance has-an F6.0 format.

5.3 CYCLE TIME

This card contains the cycle times (in days) for intertheater ships.

The values on this card are used in the model to keep the ships cycling

between their home and delivery theaters at regular intervals. A ship is

allowed to search for cargo in its home theater for a maximum of one-third

of the input cycle time.
KKTIME(I,J) where:

I is the home theater number (I to 6)

J is the delivery theater number (I to 6)

21
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COLS FORMAT NAME DESCRIPTION

1-12 612 KKTIME (1,J) J-1,6 Cycle times

13-23 b12 KKTIME (2,J) J-1,6 Cycle times I

61-72 612 KKTIME (6,J) J-1,6 Cycle times

73-80 A "KCKTIME" Card name*

Each cycle time has an 12 format.

5.4 ADJUSTMENTS

Variour miscellaneous factors are defined.

COLS FORMAT NAME DESCRIPTION

1- 6 F6.0 ADJLD L.ad adjustment factor'

7-12 F6.0 TTRAN Transit time to or from
ship pool

13-18 F6.0 ADJRAT Queue adjustment 2

19-24 F6.0 ADJCGO (1) Conversion factor 3

for cargo type 1

25-30 F6.0 ADJCGO (2) Conversion factor
for cargo type 2

31-36 F6.0 ADJCGO (3) Conversion factor
for cargo type 3

37-42 F6.0 ADJCGO (4) -,onversion factor
for cargo type 4

43-48 F6.0 ADJCGO (5) Conversion factor
for cargo type 5

49-54 F6.0 ADJCGO (6) Conversion factor
for cargo type 6

55-60 F6.0 ADJCGO (7) Conversion factor
for cargo type 7

61-66 F6.0 ADJCGO (8) Conversion factor
for cargo type 8

67-72 - Blank

73-80 A "ADJUST" Card name

*The card name KKTIME is pu±1ched in columns 73-80.
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NOTES: 1. The load adjustment factor is used to convert input produc-

tivity rates (discharge rates) into loading rates. A value of "I" indi-

cates that loading and unloading takes place at the same rate. Friictional

values indicate a slower rate for loading; values greater than one indicate

a faster rate for loading. 2. An input fraction is used as a criterion

(by ships not having a berth preference) to determine whether to queue at

an occupied berth having the highest productivity, or to enter an available

berth viith a lower productivity rate. The productivity rate at the avail-

able berth type must be at least this input fraction of the highest produc-j

tivity rate at this port. The higher the value, the more selective ships

will be in their search. This may cause the ships to queue for long

periods at a pert. 3. This factor (values of 0.G1 to 10000) is used to

convert volume (measurement tons (MT)) to weight (long tons (LT)).

5.5 COST PEE TON
This card contains eight valies representing the costs per measurement

ton (MT) per thousaud miles shipped for the eight cargo types carried by

ships of owner Type 1, berth liner. Costs (dollars) may range from 0 to

99999.

COLS FORMAT NAME D1 CRIPTION

1- 6 F6.0 CSTTON (1) Cost per MT of cargo
type 1

7-12 F6.0 CSTTON (2) Cost per MT of cargo
type 2

43-48 F6.0 CSTTON (8) Cost per MT of cargo
type 8

49-72 - Blank

73-80 A "CSTTON" Card name
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5.6 ADMINISTRATIVE COST

This card contains the daily administrative costs in dollars for the

six ship owner types. Values may range from 0 to 99999.

COLS FORMAT NAME DESCRIPTION

1- 6 F6.0 CSTADM (1) Owner Type 1 (Berth Liner)

7-12 F6.0 CSTADM (2) Owner Type 2 (Military
Sealift Command (MSC))

13-18 F6.0 CSTADM (3) Owner Type 3 (General
Agency Agreement)

19-24 F6.0 CSTADM (4) Owner Type 4 (Requisi-
tion/Nationaiistic)

25-30 F6.0 CSTADM (5) Owner Type 5 (Self-
Sustaining Container)

31-36 F6.0 CSTADM (6) Owner Type 6 (Nonself-
Sustaining Container)

37-72 - Blank

73-80 A "CSTADM" Card name

5.7 NUMBER OF ITINERARIES

The value of NITIN must correspond to the number of itinerary cards

(Section 5.8).

COLS FORMAT NAME DESCRIPTION

1-10 110 NITIN Number of unique itiner-
aries (values of 0 to
10)

11-72 - Blank

73-80 A "NITIN" Card name

5.8 ITINERARY

One card is required for each itinerary specified in Section 5.7.

Itinerary numbers are assigned by input order.

COLS FORMAT NAME DESCRIPTION

1-10 110 Number of ports on the
itinerary from I to 10

11-12 12 Number of 5th port on

Itinerary
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COLS FORMAT NAME DESCRIPTION

13-14 12 - Number of 4th port on

ItineraryI

15-16 12 Number of 3rd port on

Itinerary

17-18 12 Number of 2nd port on

Itinerary1

19-20 12 Number of 1st port on

Itinerary

21-22 12 Number of 10th port on

Itinerary 
1

23-24 12 Number of 9th port on

Itinerary

25-26 12 Number of 8th port on

Itinerary

27-28 12 Number of 7th port on

Itinerary'

29-30 12 Number of 6th port on

Itinerary

31-32 12 Sailing time from 4th to

5th2 port

33-34 12 Sailing time from 3rd to
4th port

35-36 12 Sailing time from 2nd to
3rd port

37-38 12 Sailing time from ist to
2nO port

39-40 12 Sailing time from loth to
1st port

41-42 12 Sailing time from 9th to
10th port

43-44 12 Sailing time from 8th to
9th port

45-46 12 Sailing time from 7th to
8th port
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COLS FORMAT NAME DESCRIPTION

47-48 12 Sailing time from 6th to
8th port

49-50 12 Sailing time from 5th to
6th port

51-72 - Blank

73-80 A "ITIN" Card name

NOTES: 1. A ship sequences from the first port thre ht the last port,

and then back to the first port. The same sequence is followed until all

cargo is delivered. If fewer than 10 ports are used, the remaining port

entries axe 0 or blank. 2. Sailing time (in days) may range from 1 to 99.

5.9 RUN IDENTIFICATION

This card contains a 72-character alphanumeric label to identify the

run.

COLS FORMAT NAME DESCRIPTION

1-72 A Identifying label

73-80 A IDENT Card name

5.10 GENERAL INFORMATION

COLS FORMAT NAME DESCRIPTION

1- 9 19 NSHIP Number of ships*

10-18 19 NSTYPE Number of ship types*

19-27 19 NNPORT Number of ports*

28-36 19 NFTYPE Number of berth types

37-45 19 NTHEA Number of theaters

46-54 19 lOUT Output Indicator
If TOUT-0, a shortened
version of System Status

Summaries will be
presented.

If IOUT-I, System Status
Summaries and Event His-
tories will be printed.

*Must agree with cards described in the following sections.
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COLS FORMAT NAME DESCRIPTION

55-60 F6.0 TEVAL Time interval between
System Status Summary
printouts

61-66 F6.0 TSTOP Maximum game time
(limited to 320 days)

67-72 F6.0 TDEL Time delay before first
cycle of System Status
Summary. Flf-.. printout
is at "TDEL+TEVAL" days

73-80 A "GENERAL" Card name

5.11 PORTS PRINTED

This card contains the numbers of port- included in the System Status

Summaries.

COLS FORMAT NAME DESCRIPTION

1- 2 12 IKE (1) Port number

3- 4 12 IKE (2) Port number

73-80 A "REPORT" Card name

Port numbers are entered in ascending order.

5.12 NUMBER OF CARGO GENERATIONS

The value of NKGOGN on this card must be the same as the number of

cargo generation cards.

COiLs FORMAT NAME DESCRIPTION

1-10 110 NKGOGN Numbe. of cargo
generations

11-73 - - Blank

73-80 A "NKOGN" Card name

27
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5.13 CARGO GENERATIONS

These cards describe the types of cargo generated by quantity, fre-

quency, generating port, and delivery port. One card is required for each

cargo generation.

COLS FORMAT NAME DESCRIPTION

1- 3 13 KGOGN1(I) Last day cargo is to be
generated

4- 6 13 Ist day cargo is to be
generated

7- 8 12 Interval (days between
generations)

9 - Blank

10 II Cargo Type

11-12 12 Port genera'ing cargo

13-14 12 Delivery port

15-19 15 KGOGN2(I) Blank

20-24 15 Amount of cargo generated

25-29 15 KGOGN4(I) Blank

30-32 13 Day frequency changes

33-34 12 New interval (must be a
multiple of tne old
interval)

35-72 - Blank

73-80 A CGEN Card name. CGEN1 for
first cargo generation,
CGEN2 for second, etc.

NOTE: Cargo generations are ordered in the input deck first by gener-

ating port number (Cols. 11-12) and sccond by delivery port nzmber (Cols

13-14). For each originating port, the cargo type must be in ascending

order. For example, if Port 3 generates cargo types 3, 6, and 4, the cargo

types must be in the order 3, 4, and 6. If this ordering is not followed,

erroneous output statistics will result.
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5.14 PORT INFORMATION

These cards describe the characteristics of each port in the simula-

tion. The number of these cards must correspond to the input value "NNPORT"

on the "GENERAL" card.

COLS FORMAT NAME DESCRIPTION
1- 3 13 NFPRTI(I) Number of berths type 3

(Lighterage berth)

4- 6 13 Number of berths type 2
(Self-sustaining con-
tainer berth)

7- 9 13 Number of berths type 1
(Break bulk berth)

10-12 13 NFPRT2(I) Number of berths type 6
(Nonself-sustaining con-
tainer berth)

13-15 13 Number of berths type 5
(Not used)

16-18 13 Number of berths type 4
(RoRo berth)

19 13 ITHPRTT(I) Theater of port

20-25 F6.0 TDLA(I) Port delay

26-31 F6.0 ADJPRT(I) Adjustment factor for
productivity rates 2

3
32-37 F6.0 CSDTHDL(I) Cost of cargo handling

38-40 F6.0 DFTRPT(I) Maximum allowable ship
draft

44-55 2A6 PRTNAM Twelve-character name of
port. This label will be
printed on output Status
Summary Report.

56-72 Blank

73-80 A PORT# Card name. PORTI for
f~'st port, PORT2 for
second, etc.

NOTES :
1. TDLA--Port delay time (in days) encountered by all ships using

this port, with values 0 to 999.
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2. ADJPRT--Adjustment factor (values of 0 to 99) applied to pro-

ductivity rates reflecting the cargo handling capabilities of each port.

A fractional value will reduce productivity rates. This modifier is

used for multiple shil" operations.

3. CSTHDL--Cargo handling cost (in dollars per day) used in com-

puting the costs for both loading and unloading operations for all types

of cargo (values of 0 to 99999).

5.15 SHIP TYPE

These cards describe the ship types. There must be one card for each

ship type used in the model and the number of these cards must correspond

to the value NSTYPE on the GENERAL card.

COLS FORMAT NAME DESCRIPTION

1- 8 F9.0 SPEED Speed (knots) of ship
type

9-16 F8.0 CAPACW Cargo capacity (weight)
in long tons (values of
0 to 99999)

17-24 F8.0 CAPACV Cargo capacity (volume)
in measurement tons
(values of 0 through
99999)

.5-32 F8.0 CSTSEA Cost per day at sea (dol-
lars per day) for this
ship type (values of 0 to
99999)

33-40 F8.0 CSTPRT Cost per day at port (dol-
lars per day) for this
ship type (values of 0 to
99999)

41-48 F8.0 DRAFT Ship draft. This value (0
to 99) is used by the
model to determine whether
a -hip of this type may
enter the port, except for
itinerary ships. The user
must make sure that all
ports on the itinerary
have acceptable draft for
any ship assigned to the

itinerary.
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COLS FORMAT NAME DESCRIPTION

49-56 F8.0 ADJTRN Multi-transfer system ad-
justment factor. This
value is used to reflect
the interference of cargo
transfer systems operating
simultaneously. The pro-
ductivity rate for each
transfer system is multi-
plied by this factor. A
value of "1" indicates
that transfer systems op-
erate together at the same
rate that they operate
independently. A value
from 0 through 99999 will
result in a lower rate
then the base productiv-
ity rate.

57 Blank

58 II KTRANS Cargo transfer system type
6 (Nonself-sustaining
container)

59 II Cargo transfer system type
5 (Not used)

60 II Cargo transfer system type
4 (RoRo)

61 II Cargo transfer system type
3 (Lighterage)

62 II Cargo transfer system type
2 (Self-sustaining
container)

63 II Cargo transfer system type
1 (Break bulk). A "" 1in
any of the above columns
indicates the use of that
transfer system. A "0"
indicates that the trans-

fer system is not used.

64 II Number of different trans-
ter systems used (values
of 0 to 6)

65-72 811 KARSHP Types of cargo this ship
may carry. Start in Col.
65 with the least pre-
ferred type and proceed
to Col. 72 with the most
preferred.
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73 I1 KPREFI First berth type prefer-

ence (if any) for this
ship type (values 0 to
6). A value of 0 indi-
cates that the ship has
no facility preference
and will enter the berths
at the port giving the
highest productivity
rate.

74 II KPREF2 Second berth type prefer-
ence (if any) for this
ship type. If all the
berths of first prefer-
ence are occupied, the
ship will attempt to
enter this type.

75 II KCHANG Changes in theaters a
ship of this type can
make when being re-
moved from the pool.

0--ship can change
both home and
delivery theaters

1--ship can change
only delivery

theaters

2--ship can change
neither theater

76-80 A "ST#" Card name, ST1 for first
ship type cavd, ST2 for

second, etc.

5.16 SHIP IDENTIFICATION

These cards contain initial ship information. Lach card contains in-

formation for four shipa.

4
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COLS FORMAT NAME DESCRIPTION Ii
1- 3 13 ISHIP(1) Time of availability (in

days). This is the time
at which a ship initially
enters the game. Any
value from 0 to 319 days
may be chosen. If the
value entered in these
columns is 320, the shipis placed in the ship

pool, where it remains
for at least 30 days or
until cargo movement re-
quirements warrant its
removal.

4- 5 12 Initial port number. The
first port of call for
the ship at the beginning
of the game. If the ship
is on an itinerary, the
initial port must be a
port on the itinerary.
If the ship is nonitiner-
ary, the initial port
must be a port within the
home theater.

6- 7 12 Itinerary number (if any).
This input (with a value
of I to 10) i1 required if
the ship is assigned tor itinerary operations. A0 is input if the ship is

nonitinerary.
8 II Type of operation. Enter

I fcz intertheater oper-ations

2 for intratheater oper-
ations

0 for nonitinerary oper-
ations

9 Ii Owner. Identifies the

contractual, control of
K the ship (values of 1 to

6)
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COLS FORMAT NAME DESCRIPTION
10-1I 12 Ship type. One of the 25

possible ship types. The
ship will have all the
characteristics of that
ship type as input on
the ship type (ST) card.

12-14 - ISHIP2 Blank
15 I1 Delivery Theater Number.

Establishes the delivery
theater of an inter-theater ship (a numberfrom I through 6). Not
appltcable fos ships

assigned an itinerary
(a zero is input). For
intratheater ships, the
delivery theater and home
theater will be identical.

16-17 12 Home Port. Establishes
the home theater of intra-
theater and intertheater
ships; e.g., if the port
input is in theater 1,
then theater I will be
the home theater of this
ship. Not applicable for
ships assigned to itiner-
ary operations.

18-28 - Same type of information
shown in ci,rd columns
1-11, for a second ship.

29-34 - Same type of information
shown in card columns
12-17, for a second ship.

35-45 - Same type of information
shown in card columns

1-11 for a third ship.
46-51 - Same type of information

shown in card columns
12-17, for a third ship.

52-62 - Same type of information
shown in card columns
1-11, for a fourth ship.

63-68 - Same type of information
shown in card columns
12-17, for a fourth ship.
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COLS FORMAT NAME DESCRIPTION

69-72 - Blank

73-80 A Ship# The sequence number in-
cluded in the card name
will be used to maintain
cards in proper order.
The number given to each
ship by the model is de-
pendent on the order in
which cards are input,
e.g., card "SHIP I" will
identify ship #1, ship #2,
ship #3, and ship #4.
Card "SHIP 2" will iden-
tify ship #5, ship #6,
etc.

5.17 MANIPULATION

These four cards allow a user to vary ships used in the game by type

and availability without changing ST cards or SHIP cards.

CARD COLS FORMAT NAME DESCRIPTION

1 1-3 13 MANIP 1 Number (less than or
equal to NTYPE) of ship
types required

2 1-2 12 MANIP 2 Ship types used (value
corresponds to value of
ST)

I 3-4

5-6

3 1-3 13 MANIP 3 Highest aczeptable avail-
ability of ships*

4 1-3 13 MANIP 4 Number subtracted from
availability*

1i

'NOTY': All ships of owner type 2 (MSC shipping) will remain in the
game, and no change will be made to their availability.

35

.. .- , • ......



APPENDIX A

GENERAL DESCRIPTION OF REACT II*

*This information was excerpted from Perry, Howard W. and Catherine B.
Gleason, "REACT--A Shipping Operations Simulation," Research Associates In-
corporated, Silver Spring, Md. (Jan 1969).
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I. INTRODUCTION

REACT, an acronym for Requirements Evaluated Against Cargo Transporta-

tion, is a computer simulation model developed for use in the study and

analysis of shipping operations. The model was designed to be general

enough to allow a wide spectrum of shipping operation~s to be analyzed.

Consider a system consisting of certain objective areas at which cargo

is to be delivered. This cargo is available at certain souirces. The

general problem then is to transport this cargo from these sources to the

required destinations using the ship inventory that is available.

REACT allows for the simulation of this shipping operation in which

the sources, objective areas, and ship inventory are defined in general

termc. That is, the quantity and characteristics of each of tlhese ele-

ments are functions of the input data. It follows, therefore, that with

this degree of flexibility the model can ýimulate a wide variety of

system configurations.

The following sections describe Jin some detail the operation of the

model with regard to the overall task of transporting cargo from one port

to another.

II. SHIP OPERATION

The flexibility of the model allows the rimulation of different modes

of ship operation. Both itinerary and nonitinerary ships may be simulated.

An itinerary is defined in the model as an ordered ret of ports. Provision

is made in the model for the inclusion of up to ten different itineraries,

each of which may comprise up to ten ports. Thus, operations of an itiner-

ary ship are restricted to the ports on its itinerary, while ships not as-

signed to an itinerary operate in response to cargo delivery requirements.

Nonitinerary ships, however, must be assigned to either intra- or inter-

theater operations, in order to maintain some control over their activities.

Intratheater ships respond only to cargo generated for delivery within the

same theater, whereas intertheater ships are allowed to operate between and

within two separate theaters. Ships referrtud to as intertheater ships may,

in some cases operate as intratheater ships, depending on the cargo they

carry.
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III. SHIP POOL

Provision is made in the model for a pool of ships. Ships enter the

pooi for one of two reasons. The first is that the ships may have been

input initially as being in the pool.. This feature may be useful in rep-

resenting, for example, the availability of the reserve fleet on some de-

layed basis. The second reason is that the ships may have been on normal

operation preiriously and then entered the pool at some later time because

there was no cargo to be delivered which they were eligible to carry.

Ships entering the pooi for this second reason must remain in the pool for

a time period specified in the input before they may leave. This time

fromcrgoet actvit aftduer returning stoatus) homeprt ahnd no fhinding anyve

frepresot ROSvit (redued opetrating stats itsomprt~ wand ao shipdisg remve

cargo to be delivered.

IV. CARGO GENERATION
Rather then directly addressing the cargo requirements existing at the

various ports, the model concerns itself with the generation of cargo at

certain portA for delivery to those ports -which require thL. cargo. This

approach may be considered equivalent since any requirement must ultimately

be fulfilled by the generation of the specific cargo. This approach ilso

avoids the necessity of modeling the interface between the requesting activ-

ity and that activity charged with tra.nsporting the cargo to a port area.

Thus, in order to simulate cargo requirements in the model, L.argo require-

ments at a given time must be translated into cargo generated at an earlier

time to allow for the pick-up and delivery of the cargo to the required

objective port, Cargo requirements are converted to generations in the

following manner:

After the requirements for a particular cargo type at the given objec-

tive area have been examined, historical data can supptly information con-

cerning the ports that have fulfilled that requirement in the past and the

corresponding ratios in which the commodity was supplied. The historical

data can also be examined to determine the distribution of shipment amounts

for these port pairs (origin-destination). With this information, the num-

ber of generationz; needed to provide the required cargo can be computed.
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Since the sealift requirements are given on a time-phased basis, the

generations must be sche~duled such that the requisite amount of cargo is

generated in time to meet the requirements. W:th this estimate as to the

available time in which to generate the cargo and knowing, from the above

computations, the number of generations needed, the frequency of generation

can be computed. Thus, the information needed for each generation (the

frequency and the distribution of cargo amounts) may be synthesized from

the sealift requirements.

Hence, cargo is introduced to the model in the form of "cargo gener-

ations." A cargo generatiotn may be defined as "generation, at a specific

time, of a determined amount of a particular type of cargo at a port for

delivery to some other port."f Thus, cargo in the game is generated for

delivery on an input time-phased schedule in amounts needed to meet the

proposed requirements. The input factors which control the schedule and

the amount of cargo for each generation include: (1) the frequency of

generation, (2) time of initial generation, and (3) the statistical dis-

tribution required to generate cargo.

The input time of initial generation serves only to fix the time of

first occurrence of a particular generation. If this input is properly

chosen for all cargo generations, initialization effects in the model can

be reduced to a minimum. Following the initial occurrence, cargo genera-

tion recurs on a cyclic basis where the cycle time is equal to the inputV frequency of generation.
When the time for a generation is reached, the statistical distribu-

tion type of the generation must be determined. The amount of cargo gen-

erated is then computed as a random variate from tae distribution type,

using the input parameters of the distribution. The generated cargo is

then added to the system and tagged as cargo to be delivered.

An additional feature of the cargo generation package in the model

is the capability to change the frequency of any cargo generation once

during the play of the game. To accomplish this requires only input of

the new frequency and the time at which the new frequency becomes

effective. When that time is reached, the new frequency is utilized to
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determine all subsequent occurrences of that particular generaticn. This

feature can simulate the heavy delivery requirements in the initial stages

of a contingency and the stbsequent reduction in requirements once the

necessary inventory levels are established.

V. CARGO HANDLING RATES

The rate at which cargo is loaded on or discharged from a ship is a

function of several variables. In this model the base rate in measurement

tons per day is input as the average rate at which zargo is discharged.
It is a function of (1) the cargo type being dis,.harged, (2) the type of
transfer system(s) aboard the ship engaged in '.he operation, and (3) the

type of facility at which the ship is berthel or anchored.

Provision is made in the model for a r hip type to have multiple

transfer systems. This gives the capability of simulating the newer multi-

purpose ships. In considering cargo operitions aboard the multi-transfer

system ships, the model makes the a. sumpt:.on thpt each transfer system may

operate simultaneously on each ca, o .lock that is to be moved. The over-

all rate using the available transfer systems is then adjusted by an input

factor. This factor is used to account for mutual interference of the

transfer systems. This approach is not exactly equivalent to the real life

situation in which each transfer system operates on different cargo blocks

simultaneously. It does not preclude, however, obtaining realistic port

times for the multi-purpose ships if the values of the associated inputs

are judiciously chosen.
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APPENDIX B

SAMPLE OUTPUT
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*DECK REACTI
PROGRAP REACT6THPUT, OUTPUT.TAPE5UINPUTTAPE6UOUTPUT. PUINCH)
CALL "AIN
S TOP
Ewn

I.



*nECK CAPGFNI
SURROLITiNF CARGVN
CO"MPON
I NSTYPEWN"PORTNFTYPE.NTHEA.NITIN.TEVALTSTOP9NSNKP.RnVNY612I.
2 CSTAD(Ilq? ,CSTTONIS).PROOUC(6,661,sI~nSrqso,30) KKTIMF(A.ef1.TINF9
3 KFVEI4TfI0I9INF~VFNTip TVENT.LVENTI.LVENTZ.,LVENT3.IflStIP.KWOSO.UN
C Oe*ON
1. SPEFEOIZpI.CAPACW(2qI),CAPACVIZ5),CSTSFA(251,CSVP6T625,.n)RAFTI?51.
2 KTRANS(2O;I,ADJTQN(25poKARSHP(25I.ISNTP1a.OCI,ISMTP?(4,AO).
3 NPITTN(1U),NPTTNI(10S,NPTTN2(1A) .NTITN1(1O) NTTrNe(10I.
16 KPRFFI(?%l, KPPEF2gZ5I,KCNAI4G(2SI
COMION
I NFPRtT1I3II,NFPPT2I3o3,IT"4Pmrf36),TOLAtJa),AoJPRT(3uI,CSTtHnL(30).
2 OFT PPT (30 1 TT VAN,,KFPPT1I(3 0) KFPRT21301 AOJRA T P*TNAIf 30s 2

I NKARGC,KARGO 4#BDOO I.ISW.CSTSYS9 NQI*NO?.*NQ39NQUEUF,I(OJFtIF 11606,
2 KGCr-N1(100I',IGOGI42(10uIgICGflGN3I1Ig§0hKGOGN4,1g0gINKGOGMw@AnJLNI.
3 AflJcro(A,

I KAIPGOLI30OAQ6P.NQPORTf3IP,NPRFACI.3S.&),IRGSHP(30*1.R,1IPORVI3UI,
2 KPGGFN4(30,R)*NPnlOL,IOlUT*TVOLAVIZSI*TVOLUS(25),TVAV(6,61*TVUS16,61
COMWON/A/ OiUNANq6*2I

IrT4ME=TIt4F
IF (ITIMqE.GT.KGreGNICrl/tOIGe600IG6IOGOyO1oa
IF fMO~f~(GOGN1fIf5l6OU@O96O09U4Ol I.GT.IT!9qEI GO TO 40
KG0GNI III=KGOGNI(TII.14611616
INIT=NCO(KG(OGN(If~1atOgg60g0,100g I

IFfINIr.LT*YvAL) GO TO 40
!OI'STR=NOOIKGO&NI( I5,igo4ao.10I#1

PAR1=f4C0(gCGGN2f11. usages
PAR2=VeGOGN2f1I/I ,Olau

191408000010)
L GO TO (19920.3O,9O3.II1ISTR

20 XIT=PARL
GOTO 88

36 CALL RNG
XN4T=ARISfPA R2*itN'(PAR1-I:AR21 I
GOTOSO

~6 PN4JW=@
DO 50 .J=1912
CALL RNG

50 RNUNWRNORWUh
xnTZPARZe.PARI* IPWMU-6.1
TF flfNT.LT.OIWNTs&

so CGOGN3(IP=CG0GN3g!IEX4T
ICT=NOD(JCvGOlfhI/r116631IUI
1PT=N00lKGOGNI (1/116.I10S1
KRCGENIIPT. ;CT~uKCCFM(IPT.!,cTtIFIEIXN4TI
IF IKGOGwam.(I/iOg.NE.ITfl~tGOtOt66

qg IF fKGOEN(IM5.LF9111GOTOIII
KGOrmN1 (Its fKGOG~eif 11116608048884? *6I619GSIII.N1101100MG0N41T1.

KGOGN4(1II
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toe C.ONT INUE
I VFNT I10
LVFNr2=3
LVFNT 3=0
TVFNr=rIMF *I-
C.ALL PUT
CALL TAKF
RETURN
FN0

#DECK FNOGAMl
SUAROUTINE FNOGAM
COMM4ON
I NSTYPF,NNPORT.N!'TYPF,NTHFA,NTTIN,TFvALgvsrSOP,NSHTP.R!ENTgI2I,
? CSTAOI(fis .CST TONd(N ),PROOUC (96,41 Io~rST 430 93CI, KKTIME(6961 *TIME,
3 KFVFNT(4i0)9NlFVENT. TVENT.LVENTiLVENT2,LVENT3,!O)S'41P.KWORO.RN!

COMMON
I SPEFn(2') ,CAPACW(25;).CAPACV(25),CSTSEA(25),CSTPRT1253.ORAFTI21;),
? KvqANS(25),AOJTNi,),vKARSHP(25a,KSeHrP(400),ISI4rP?q4ug),
3 NPITrN(1o).,NPTTN1(10),NPITNZ(103.NYTTTN1(1op .NTITN21IO).
4 KPRFFlt?5l % PPEVF2(25) .KCHANC 125)

CO MMON
1 NFPRTI(30I,NFPPr2I30IITHPRr(303.TOLAI30),AOJpRT130),CSTRlOL(3Up,
2 OFTPRT(.50),TrRANKFPRTI(3t),KFPRT?(301,AOJRAT,PQTNAM(30.?e)

r 0"MMON
I NKARG0,KARGOC(iO03 ,ISW.CSTSYSNQ1.NO2*.NQ3,NaUELJE,KQuEuE140I).
2 KGOGNI(i000?), XCOGN2 (1O0401CGOGN3(1400) PKGOGNi.(1O6O1 *NKGOGNvAOJLO,p
3 AflJCGOIA)

COMMON
I KARDL(30,N,6),NOPOPTI30).NPRFAC(3O,61,KRGSHP(30,A).PTOPORT(3a9.w
2 KRGGFN(30,A3,NPOOLv TOUT* TVOLAV(71;1-TVOLUS(251 ,TV4V6f,6)sTVU%(16,61

COMMONFA/ Ot4RNA"4(6921
COMMON/C/ KRGO(&ci3.NPOOLM(f#U3,NTS!OP
COMNONfl4NeNNTYPF(25).NCT,NNAVArL.NNNA

CALL PRINT
WRITE (6,1013 (r.CGOGN3(T'3.TzI,NKGOGN)

101 FORMATf43X.?22CARGO NOT YET SHTPPEI) /U.X95(6HGENS NO.92Ws.6MA"OUNT,
14x)/ ( 6y,T1.4XFR.o.5sx.I3,.kXFO.g,5x.I3.4X,FS.U.5X.I3.bK.F6.I.5X.
2 I3v16WFR.O./)

WRITE (6.149)
15q FORMAT(f//20X,*TIMF CARGO IJELTVERFO SHIPS IN POLOL)

00 J60MMM=5,NTS~flP.5

biRITE(6, 161) NNMKRrD(MN) *NPOOLMIMMI

160 CONTINUF
161 FnRNA~t22X,I3,l0X. I10,lOE. 13)

W~rTF(6,162)'%NTYPF(Ilr.=l.NCT
162 FORMAT(I/4/ SHIPTYPFS TM GAME '.*29131

WRIrF(6vli63) NMAVATI.NNNA
163 FOP"ATI' HIGI4E5,T ACrEPTARLF AVAILARILITY ,1T3/* NUMAFR SURTRA

crTFn FROM AVAILAsILITY fef3l
ST (P

E Nf
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*OECX t.*GFVL1
SIJOROUTINE =-EFVL
C OMMON

I NSTYPE9 HPORT .NFTYVPCvNI 4EA ofi TIN, VEV?'.L ,TSTOP,9 NSM!lPvQEWT 1123,
2 CSrAON(61,CSTTONi4,.PRoODUCq16,6,.OK1ST(3g,3SJ ipEKTINE66.6U.YvtIW.
3 KEVENT6141I).NEVENT, TVENTLVENTI,LVENT2,LVENT3.!osNIlP.KWORD.RN

I SPEED (25 CAP ACW(25,144W. V 125) 9CSTSFA (251 9CSTPVT 92S) @RAFT 12919
2 KTRANS(251,LOJTRM(25).KARSHPt?53,!SNKP6I#003,ISNIP2I4IUI.
3 NPITINIII,,PINprIgll,.NPIrw2(13.WtTITTWlIAISD11rTw6241811
1. KPREFII2S) * KPPEF2I253.'k9cMANG(2S?

COHMMON
INFPIRTiI3U3,NFPRT2I3g).ITTHPRT(30),YODLA(30),ADJPRT63II.,CSTMOL636).

2' tjTPRTI31I.TTRANKFPRTI363),KFPRT2g303.ADJRATPRT"ANE3U.2I
COMMON
t NKARGO.KARGO('4800) .TSW.'ýSTSYS,NOl.NO2.oNQ3,NQUEtJE.KQUEUEI48III
2 KGOGNLIfIO3,KGOGMI(tlh0)9CGOGM43(IA0II ,KGOGN4#1.(lI).NKGOGN.ADJLO.
3 APJCGO(g)
C OHM ON.
I K&RGOL(3gS,6D.NQPORT(3fl).WPRFACI3g,6IKRGSHP(3SS3.*TQPORTf3I3.
Z' KRGGEN6,10.1,.NPOOL.I0urTTVOLAV64'5,.TVOLUS(253 ,TVAV(6,6I.TVUS(6.06)

COMNON141 ONRNAM(692:

THRCRG(9I.J= a.
100 CONTINUE

2 IF (CGOGNI(I) 1 4.,4,3
3 J = NOOKGOGNlI)qiII)

K = MOOCKGOGNIIII/tISIge)
J = ITHPQTIJ)
K = r7HPATIK)
THRCRG(K ,ý = THRCRrt~KvJ) tCGOGN3II)1V F (I -NKGOGN) 2,2.1.83

4.00 I= ig. *(TIMF r .1
J = NEVENT

401 IF (MOD(KEFVNT(J),'CUOO) - 1) 410.0410.490
4.10 ISAVE = MOOfKEVEHTfJ)/1$O00III)

IF (ISAVF-1.) 470 S.4409426I.420 IF (ISAVE-21 4.30-v 409 430

IF (.2) 190,1.qg9agI
4.40 ISAVE = KEVE14T(J / 100800000I. L = OO(1S141P2(TSAVEl/1Q0v091

K = MOD(ISHIP211SAVFI.1601
K = ITH4PRY(K)
LSAVE = MonflISHIPEISAVEU.i00l
NSAVE = MOOEISHIP(ISRAVF)i'1000000.I00)
IF lITHPRT(NSAVE) - K) 1.30,1.589431

F 450 THRrRG(K*L) = THRCRGIK.Ll - *a'CAPACV(LSAVEP
GO TO 1.30

4.90 !CTIME = TIMF
WRITF(6,1.91) THRCRG(1.3),THRCRG(3.1).YHRCRG(3,2).TNRCRGI2.33
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wRTrFIG,1.q?) ISMIP(S6f)bKs1IP2(A6)
NCOUJMT 7

8.0 JU0 80 K=1wNS4tP
ISAVF = ISNqIP(K)1f00010011
IF V!SAVE1 60,60.30

30 IF MKINE - 3203 31., its32
31 IF (KTIMF-ISAVFI 6U.3?932

GO TO 133t.33Z*3331,NCOUNT

331 IGFN*ITHPRV(NO~fISHIP2fKS.1I6))
!OFL=NOD(ISHIPZIKl/ti**, i)
W14OUNTzO.
GO TO 1#009

332 IFIKCHANG(I.)-213332*sa,8I
3332 1GFN-:IT94PR T(NOW ISNTP21K,0) 9LOS

XMOUNT=D.

GO TO 330

33 IGENIl
330 !0E11l
4900 IF(T"iCRG IGEN.IOEFL1-10000,117.)7O,764S
40 00 60 KK=1.NNPOPT

I~lITMPRT( KKl-ICGFN) 60,1.2,60
'.z IFfOPAFl(L)-0FTPWT(gK)3143v,6060

43 GO TO ('.35,435.1.31 ,oNCOUNT
431 xmtNOUN=0.
'.3S 00 50 L1=1.8

LLL=LL-i
jjj=mnO(KARS4P (L)/1O**LLL.163l
T F(JJJ35)2 50, v5944

44 00 48 NK=1.NGOLtN
IM(MOD(KGOGNI(NC)19ill0/1801- KK148,45,48

45 IF (NOD(KGOGN16INK), 1800001Ifl0O00-JJJ3 48,4694.6
46 TOPRT=(MOOfKGOGNI(NKlv103))

TF(ITHPQT( TOPRTl-IOEL)48*.74R 4A
47 XmiOUNT=XMOUNT+C'GCN3(NKW3,

4R CONTINUE
5 9 CONTINUE

WRITE(6,511 IGEN.I0FLvKK,~.viMOUNT

51 7ORM A T(QX.41T5.9Fft 9
GO TO (6096096L19MCOUNT

610 TF (XMOUNT-58000.60.??7297
60 CONTINUE
61 IFIXMOUNT-5000.)62,12.T?

k 62 GO TO (90,?O70'OlNCOIJNT
70 !OEL=IOEL.1

MIFIEL-6) '000.4000.700
M0 GO TO (80,80971)gNCOUNT

IOFLIt
IFfIGEN-6) 4000#4000.80

72 NSAVE= NOD(ISHIP(M1910001
ISHTPMK z NSAVF + XKK'100000
ISHIP2MK = KK + L00'IOEL
THRCRGfIGFNqI0FL)= THRCRG(IGEN,TOELI- .8*CAPACVI1SAVF)
IF (rOUT) TS769 ?514

75 WpyTE(6,-q) TIP4E.X.IGEN,IDFL
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WRITE 16.94I ISHIP(A6),lS"VlP?(86)
WPTTW6,'.qi) THRCRG(1.3ITHRCRG(3.t),THRCRG43,?l.TNRCRGI?.3)

4q2 FORMAT(1X#ZLl'.I
'.91 FOPMAT(1K94F12,0)
76 LVENTI = K

LVIFNT2 = 2
LVFNT3 =0
TVIhNT =T
CALL PUT
NPOOL =NPOOI. - 1
IF (W4O0LI 90,90980

so CONTINUE
WRITE(6,811 NLntINT

Al FORMAT (IN,151
NCOUNT=NCnUNT* I
IF INCOUNT-41800999U q0

90l LVENTI = 6
LVFNT2 = 4

LVENT3 = 0
TVENT = TTIPE + T.
CALL PUT
CALL TAKE
RETUON

qq FOR"AT(/I099,4HAV OF5.L16H nAYS. S141P NO* i13,52W -ENOYFM FROM P
IOOL TO CARRY CARGO RETWEFN THEATRES *!?,5H AND *T21

E ND
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*CIECK LOAMI
SUAROUTINF~ LORO
COMMNON
I~ NSTYPE,NMPflPT,NFTYPFNTHiýA.NIT!N.TFVAL,TSTOP),NSHTP.QOFb4t(12)
2 CSTAflM( 9CS.TTCUJ(AY PRODIX' (6,661 p)TOST130,30) .KKTIMF(.696ITTMFq
3 KEVFNTC'.1fl),NEVFNr, (VENT.LVENTIp.VFNT2,LVENT3.TDSHIP.KWOPD.RN
CO0 MMON
i SPEEt)(251 *CAPACWI?5).tAPAC-4(25).CSTSFA(2S) CSTPPT(?r)),nv#AFT(?'51,
? KTRANS(251 ,AflJTRMi2S) .KARSI1Pk~?'le). iTSP(400I,ISNTP?If400).
3 NPITIN(10 ).NPITN1(10).eNPITN2(10).NiITNI101O) N1TTN2IIO1.
4 I(P4EF142S), KPPElF2f25).KrHANGt,?5)

I NFPRT1(30),,NFPPT2C10),TTIHPRT(30) .TflLA(30) ,AOJPPT(30),csTHOtiA3O,
? flFTPP.T%50) ,TrRAw.KFPRT1C30),IcFPRT?(30,,ADJRAr,PRTNAW(S.iqB.1

COMMON
I NKARGO,KAIGO1408).!SW.CSTSYSNQ1,N(324NO3,NOUEtiF.KnUV(IJFb63).
2 KGOGNI(10fl0,,KC.OGN2(10OUG'.CCOGN3(1000),KGrOGN4.(1000).NKGOrN.&fJLfl,
.3 ArIjcGn(si
COMMON
I KARG0L'iSA .3.6,,NQPORT(3rINPRFACg30.,6I,KPGSHP(30.R),YOPORTI30b.
? !PGGFN(3j,8),NPOOL,TIeIT,TVOLAVI?-)I,YVeLUSt25, ,TWAVlAsfi)9r.S(6odl
CCMNON/A/ ONRNAM(Vi*21
COMMON/6/ NTRAhE16?.hNFAC(I10),CARGf1.).NTEMP~b) ,TTT.NPOPT.NTYPF.ý

'.0FOLT=0 .0 PR
60LSAVF = I + 100* PR

IF (KPREFJ(NTYPFI an83si3,g301
8301 DO #1302 jr = 1.3

TEX 1000 4*IJT - i)
NTFP4P(JI) = on~flNFPRTI (I) fTFX, 100l)

* 1302 NTEMP(JI#J) = #4Ol)(NFPT2(I1/lFl(,100Ot
JTENP =KPREFIINTYPF)
IF (NTVMP(JTFMP)) AU33,11303,631

8304 JTEIIP =KPRFF2(MYYPF)
IF ttlTFhPC-JTEMP)) '.a4l.Ra.1.1131

831 IF ("OD(KGOGNI(JI)i80000) - LSAVE) 632o.6339641
R32 J= J + 1

IF (J-NKGOGM) 4319831q44
1133 W = i bý'

ISAVE = moO (KGnGNI (JI/1I0000,10)
84 IF IISAVE - KCAPG(Kl I A140,45,840

IF (K-5) 14,84,113?

11501 SAVE2 =34000.

G~O TO P15
'.50 ? SV2= CGOGN3(Jl

89 F(AE-64fAAcoTP)+SPO$811595
851 SAVE =SAVF2

1152 SAVE=. 80*r APACV(NTYPE)-SHPVOL

R 51 SAVE =x:X X CAA SAMYP) SHP~fW :::uT5,5
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1515 riIAv= SAVE
EOLT=SAVF* A0JC G04I SAVE) 4EQULT
KRGSHP(NP0RTvYS#vE) = KRGSNP(NPORT.*TSAVES #irsAY
SI4PWT a SMPWT SAVE / ADJCGO(ISAVED
SHPVOL = S14PVOL 4SAVE
CGnGNS(J) = CGOi(t43(Jt - RAVE
IF 1Ti 33 R7.86.57

56 CSTSYS CSTSVS 64O!ST(NPORT.I) *CSTTONIISAVE) *SAYF) 1800.
67 L 1

SAVE! 0.
88 IF (NTRANCL)I 1 8810829441

661 SAVE! SAVFI 4PROOUIC(NFAC,L. ISA VFI
862 L1 L+ £

IF (L- 6) A69 Oft,90
90 IF CLL-11 92,q?,ql
91 SAVE! = SAVM 9 AOJTQN(NTvPFO
9? SAVE! = SAVE! 4 ADJID *A0.JPRTINPORTI

IF(SAVEI.LF.0.) GO Tn 8886
SAVTIM SAVT1M # SAVE f' SAVE!

6888 IF (111 9205.9201.9205
9261 DO q20. "=Ills

IF INNFACIM) I 9Z03q9283*9202
9202 IF (NNFAC("I - 11 9?G'..W05192O'.
9203 NNFAC(14) I

GO TO 9205
9204. CONTINUE
9205 NSAVE =T I L004!OSHIP

JSAVE = SAVE
IF (NKARGOV q430*,35*q3C

930 IF (MOD(KARG01M).IAIOIU)- NSAVEI 93t9932,933
931 M = "+I

IF (%-NKARGO) q3a00399435
932 IF( NOO(I(ARGO1I/qiOCCO0g,101 ISAVE 1 931,9321,931

9321 IF (KARGOIM)/10@0090 4 JSAVE -34.090 1 9322,932P,931
93?2 KARGOI14) =KARGO(IM 4 JSAVF 1000018a

GO TO 9356
933 N =NKARGO
934. KARGOIN4i) = KARGOINI

IF (N-MI 935, q3ki,934
935 KAPGO(M) = JSAVF*160000U + NSAVE 4r ISAVE9100000

NKAIRGO z NKARGO 4 £
936 IF ISHPWT - CAPACNINTYPEI 1 937.9.949%
937 IF fSNPY0L-.8G*CAPACV(HTYPE31 938,94e.9a
938 IF (JSAVE -339991 832,831,831
9*. RETURN

FE4t
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'DECK MAINI
SUPROIJTINF MAIN
C CMM ON

I NSTYPF,NNPnRT,NIFTYPF,NTHFA,NTTIN.TFVAL,TSTOP,NSH4IP,RDFNI(12).
2 CSTAOM(6I.CSTTrnNCIf.PRnnr~u(6,6.8i.DISTg3o,93n),KKTIMF(6.6),TTNE.
.3 KFVENT(410),NEVENT. TVENTLVENT1.LVFNT2.LVENJJ,tIIsIIP.xwoen.RN
CCMMON
I spEFln(25;,CAPACW(25,CAPAr.V(?5),CSTSFA(25),CSTPRT(251,flPAFT(25)).
2 KTRANS(?51,oAOJTRN(25).KARSHP(255.ISMIP(4001,ISriTP?(IIOS)
3 NPPITN(10INPITNIi(OJNPTTN2(10).NTITC41(i01,NTITN2(1019
l4 KP'REF1(?gilo KPPFF?(29il.KCHANG(25)

CO0MM ON
I NFPRTII3O) ,NFPQT2 (30.,ITHPRH(30ohrLA(301,AOJPRT(301,CSTHOLt3O)I
2 OFTPPT(010)TTRAN.I(FPRTI(301,KFPRT?(361,ADJRATPRTNAM(t3.?I

C OHM4 ON
1 NKARGO,KARGC(I.00I,!1SW.CSTSYS,Nnid4Q2,N03,NQUE1JF.KOUEUJE(II0I,

3 Ar)jCGO481

COMMON/A/ ONRNAM(6921
COMMON/SE-L/IKF (.40
C0OHMON/t4N/NNTYPF(25),NCT,NNAVAIL.NNN4A
COMMON/NNTAA/NTARU200),NT
nliMENSIOI ITEMPft?lo CARG44). CHNGTH(3),NNTYPE(25)
DIMENSION NnPI>3)
nATA (IONRNAM(TvIJ).J12).PT-196)/5HRERTH,5HLINER.6M"STS C96HONTOL

1.3HGAA91H 6H~RFP / i6HNAT. qf6HS/S COS,64NTNR ,614N/S/S *6HCONTNR/
O)ATA(NOP(T),Il1931/4HITIN,5HINTER.5M!NTRA/
DATA ICHNGTH(l),I=1931 /.4HBOTH,'.H(VRY.4HNONE/
NT=O

to FORMAT (SF6. 0932X)
RE An (5,1 *itITI.)J I0)I1.

it f ORMAT Q OFF'.0 , 20X I

12 FORMAT(36171
PEAO'5,131 AO.nOTTRAP4.AOJRAT,(AOJCGO(II),11,8)(CSTTUN(TITzt.1SI
1. (CSTAOM(T) .1=196)

13 FORMAT (12F6.o0/ftF6.O/6iF6s0)
WRITE(6,10t) ((( PRCO)UC(I,J.K),K=1.S).J=1,61 ,=101.

101 FOPMAT(7?N1 PRODUJCTIVITY RATES BASED ON CARGO TYPE. TRANSFFIR SYSTE
IN AND FACILITY TYPE / (AF12.O)
WRITE (6,102) (fOIST(IqJ),J=1*3O3,vT=1,3O

102 FORMATW/30H DISTANCF MATRIX FO)R 30 PORTS / (10FI2,01 I

10.3 FOMTW2 INTFTETRCCET S(AS /f16(f63 IX)l
WIE(6. 10'4) AO)JCGO.* CSTTON

10'. FORMAT(//'.SH CONVERSION FACTORS FOR EACH CARGO TYPE IMT/IT)/
L SF12.2/152H COST (I/T) FOR COMMERCIALLY CARRIFO CARGO RY TYPE
2 8Fli.?)
WRITE (6,105) AnJID. TTRAN, ADJRAT

105 FORMATW/23H LOAD ADJUSTMENT FACTOR Fgo2/ 34.H TRANSIT TINE TO OR F
IRON SHIP POOLqF8,2/6?f4 ACCFPTARLE PFRCFNTAGE OF HIGHEST AVAILABLF
2PRODUrTIVITT RATE FR.21
READ 15,14) NITIN
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14. FORMAT (StI 1,31X)
IF (NITIN4I 1429142i141

141 READ(5,141 INPITMTWII)NPITN1(1),WNPTTN2qII ,NrI~ttT IT,! Nrw2u.1va1,
I NITIN I
ENTRY INITTAL

142 TImE 0
NEVENT 0
no 151 1=192ri
TVOLAV(II A.

151 TYOLUSgI) z 0.
no 152 1=1,6
O0 152 J=106

152 TVUS(vi,) = 0

FPORT4It) a 0

TOPORT(I) = 0.
00 161l J=106

no 162 J v 1,3

KRGSHPII.Jl = 0
KRGrEN(1,J) =0
nlo 162 K = 1,6

162 KARGOL(1,JKI 0
16 CONTINUE

WKARGO I
ISW = a
CSTSYS 0
Not = 0
N02 = 0
N03 =
MOUEUE 0
NPOOL =0
00 163 1 = 1,410

163 KEVENTII) = 0
RN = .00191
READ (5, 17) (RDENT(I), T 1,12)

17 FORMAT (12A6i)
READ (5,411 NS Hr PqNSTYPEw NNPOR T.NTYPE NTHEA,I OUT, TEVAL 9TSTOP.TOEL

40 FORMAT (619,3FS.01
READ) (594001)VIVE(I.I9=1,30)

4001 FORMAT (3012l
LVENTI = 0
IVENT2 = 6
LVFNT3 =

TVFNT = TRTOPrALL PUT
LVFNT2 = 5
TVENT =TFVAL 4 IFlL
CALL PUT
IVENT2 3
TVENT = 1.
CALL PUT
LVENT2=
TV ENT=20
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CALL PUT
READ (5914) NVGOGN
READ (5,401) IKr.OGNIIT)* KGOGN?1I)9 KGOGN41I), 1=1,NXGOGN)

401 FORMAT IT149?711)
READ (5.41) (NFPRYIII), NFPRT?(I). rTHPRT(I), Tf)LACT), ADJPRTCYI,

ICST3IDL(K), OFTPRTIT), PRTNA"41411, PRTNAM(1,2), I = 19NNPORT I
41 FORMAT (?Tqt 11, 4F6.A., 2A6 Z25X$

READ (59421 (SPEFrIIT). CAPACW(119 CAPACV(I), CSTSFA(T). CSTPRT(I)
It ORAFT1KI. AOJTRt4II)e KTRANSITI), KARSHPII), KPRFF11I1. KPREF24III.
2 KCNANG(I). I = ,NSTVPE$

4? FORMAT (?FS.0,216, 3r1,5X)
READ 09,431 IISHIP(I), ISHIP2(I)v t = 1NSHIPIP

43 FORMAT (41 I11,16),12X1
READ (59*5013 MC
RE AnOS950?) iNNTY!'E( 10 1.1NCT)
REFAOI5,563)NNAVAIL
RF Anl(5 .5641 NNN A

ý)O I FORMA'(131
50? FORMATI49121
0;03 FORMArtrm)
50 4 FORNAT(130

00 403 IZi.NS14IP
OWNER= 1,00 TSH4IP(1) /101)o10)

IF(OWNER*NE.2) GO TO 33333

GO TO 4033
33333OTIL=IsHI(lf1f),1000)00

IFINAVAIL.LE.NNAVPF(I) GO TO 40313

INVIE(.2IGO TO 4033

4.0333 IS'lIP(TI=204PG0UG0.QOMOnI ISNMIP (I).it00G0OCO)C
bG TO 403

4 031 isri=(SHIPII)=(s ,0f)10000b0n0-NNNA)*1o00ooaaoooNon(TSHYP(r).

403 CONTINUE
00 55; 1I 1, NKGOGNV55 CGOGN3(I) C.
TEMP = TOFL + TFVAL
WRITE (6,60) (RnFlNT(l),lI1.12) ,NSTYPE.NSHIPNTHEA.iNNPORT.NFTYPE.

I NITINTEVALTSTOP ,TEMP
60FOQMAT (32Ht n E N E R A L I N P U T S ~//6X,25HOATA TOENTTF&
ICATION IS 1?A61//6K.928HN1JMBFR OF SHIP TYPES JN GASE RX.IH=.!7/
26X,23HNMJRFR Of SHIPS IN GAMF 13Xoj$4=,77/6X,26HNUMRFR OF THEATRES
3IN GAtiE IOXvIM=T7/6%*73HN1UMBER OF PORTS IN GAME J3XpiHIT7/6X.3?IINU
4MBER OF FACILITY TYPES TN GAME !.Xv1H=T7/6X29HNUM9FP OF TrTNFRARIFS.
5 IN GAME T%91"=IT//6K.6JHTTM1F INTFRVAL BETWEEN PFRIOOTC SYSTFM STh
6TUS PRINTOUT (IN DAYr,) fS F7.0//6k.4bHTIV0E FOR MAXIMUM LENGTH OF
?PLAY IN DAYS IS F1.0 // fiX,45H FIRST SYSTE" STATUS PRTNTOUT(#N 0
8AYS) IS AT F7.Q//)
no 61 I 196
WRITE 46vAZ1 lip (ORAIIM,4=.1 STAOMII)

61 CONTINtIF
62 FORMAT(6X,36HnIFFFRFf!TIAL COST FOR OWNFR TYPE T3.3Y, 2AE.5I4 r
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I FIOs2,jt4M OOLL ARSiflAY i
TF (NITTNI 621.62196101

6101 WRITF(6,F,111
hil FflPNAT(/h61(,6HTTINERAQY INPUTS/* IUX.i 3HITINERARY NtO.9 SX92RHPP'RTS

lflN ITINFRAQY(IN ORrDFP) I
00 615 1 =19N!TIN
TTFMP~l) = '4O0(MPTThlIIII.¶Ol
ITFMP121 = moOntp~rP41 (wtoo00.100
ITFMP(31 = ,4ODRMPtTNI (TI/10000,ptO0I
TTLMP141 = MODINPITNI (11/1000000*1001
TTFPIP(5l = MOO(P4PITNI tTO/'i0O4OCOOqGj0QI
IF INPITYN (I) - 5) fi13of139612

612 ITFMPf61 = MOOINPITM2(1) .100 1
ITFMPITS = ,4ODCMPITN?fI)liOa,100I
TTFMP(81 s4ofl(tPTTN2II1/1j00O1UI"
T1FOOPgi = MOO (NPITN?(ri)/jagQ00oo-ioi
ITEMqP(10)= MOO(t4PITN2(T~ftQOlQO0489tOgl

6t3 K =NPITIN(T)
WRITE (6.61i4l 1, ITTE0NPIJ19 J = 1,K)

614 FORMAT( 1SX-P 12 1dK160196)
61r) CONTrNUF
E21 WRITF(69631
63 FORMAT I3b~t...P 0 R T I N F 0 R M A T I 0 N /f/10Y.o4HPOPT.11E.

t7HTHFATRF.46X,4HPORT,6X,6iHAnausT.4X.5HCARGO,SX,4HwAX.,SX, qx9
?13N40.O FACILIT IFS AVAILABLE CRY TYPE) / '5X97H40F P0RT.4K.s5I4FLAYv
3fX,3'4FOR,6X,6H1IANOLF9i4X.5HflRAFT /36XI4MTIMF~fiV.hMPRnluc
44X,X614ST/0A,I.K,fAH(FT145X. 9X92H 1.4XZH ?sa.X92H 3.I.X*P?149
54X,2H 5#4X*2Z4 6 /36X,6H(DAYSl5X9IitRATE95X,SN1 S I //I

1ý(D0 65 1 1,NNPORT
LTTFMP(1I M40G(NFPRTl(TlqlO@O)

ITEMPMI mnFPT(I1/10000/t00 10O

TTFtIP(4) MOOlNFP9T2(r),1000I
ITEMP151 MO0(NFPRT2(1/000 OCO)G~
IrFWIP(61 NFPPT2(T)I/1000000
Wk!;fEA;,66') IPRTNAM(Totl, PRTNAM(T921, ITI$PRT(I)e TnLA(Y)*

IPP~T(). CSTHDL(I3. OFTPRT(T), (ITFMPIN)9N=i96)
6t IATI fiX, 12. 2X.,2A6,S,1j(,3,7x.F4.i.5XF5.,3vXFN.fl,4X.F5v.0,gX,

65 COJNTINUE

WPITF (I4.711
TO 7 FOPMAT(//4&H *,.S H I P T Y P F I N F 0 R M A T T 0 N ///f6Xs

14HSHIP.3X.5NSPFfl4X. 5)CAREO4X,5HcAQrOI.K 4HCOST7X.4HCOST6Xoi.HSHIP,
2SX,5HMtiL~TTX,3MMO.3Xqt2H PY TYPF 4X.i1HCARGO YF39H4TI
3v 3X94HT4TR I6Xq 4&HTYPF
43X.5M(KTS) 5X.2HWTTX.3HVOL5X.F.NAT SEAhiX.7H1N PORTIEXqSMORAFTX,
55NTRANS5X95HTRANS,1X.12H 1 2 3 4 5 6i?V,1CHPREFERFt4CF.2Xob4MC.Nr,
622*(1$4H(LT) 6X,4H#M T) UX.6Mt4(SOAI
7 5E,6HIStflA)4X,94H(FT)5X,6HAOJUSr4X.4HSYST 93Xsl2I4f0=NO.1=YESl
8 7OX,6HFACTOR / I
DO 71 1IO=£NSrYPF
ITFMPIII OOD(VTRANS(I).1i8)
ITEMP12) MODW~RANSMI/I8.101
ITENP(3) = NOD(KTRANSIT)/i00110)
ITEMP(41 = MOD WTRANSI9II)~0O0,101
ITEMP(S) = m4onfKrRANS(Il/10000.101
ITEMP(61l = 'Ion(KTRANS(Tl/QO4OaGql8b
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ITFMPial = HODl(IC*RSI4P(tJ 101

rTFM410)= X 0f fK ARSHP I TI / 1,, o I
ITEMP~l0) = nO(KARSHP(DTIIIGA,jSI

TTEMqPW1I = Or(KARSHP (I 1110000, lot
J9MP= CNANGEI)

OISYR = CN'4GT§4(JTENP~iI
wRITF(6*rzi I.SPEEnlhII.CAPACW(IUChiPAC.VilZR CSTSE*(XI,CSTPRTIt,.
inRAFTtI3.A(lJTawITb~grrTqPitM4=1,l~2R.KPRIEFI(I), KP4FF2fll .flTSTR

I,- FORMAT(JtXqT2,3X.F5.1,XF ,XFo%),6*9XF**XF*ifK
I F6o3,SXI?,3SX,6i(lXT1II4XAItlXori36X~ril4X,lI *3XcA4 /' I
SPFVO()!l SPEFD(IR'?4*

T1 CONTINUE
WRITF (6.741,0

740 FORMAT (37341.. C A RG 0 G E NFR A r E0#0
11OX9'4"ce TYPE ORIGT" 07ST I N AMgOUNT lehST I
?PEO CHANGE NFW LAST*/

(10 715 I=t.NKGO(;N
lfFMP(V m MODO(IGOGN 1I).#100409 101
ITEMP12) = MOOIKGnGNiltI)/i00.iO)4
Ifr,4API31 MOO0(VGOGNiII),,1001

741 ITFMPtI.) NODIVGOGN2Zi!.IOOSOQ)
ITFNP(51=MOO(KGOGNI (rIi/iglgoggoc iesIi
YTEmpw = "onflV.GOGN1II)/1000I0Q~jOOb

743 ITEPIP(7) = KGOG6N1,iftl16
ITFMP(A) = OD IRGOGN4o(Il10G LOC
TrTFMP(q)=KGOGN1(Ia/10@0Gg4aqg0O
WRITF(E,,',i. 1, (ITFMP(JI,jzl-vqI

1 X 1~.3 *r;E. 13)
74,5 CONTINUF

wRItF(6,7515
75 FORMAT(564t SNHI P I N I TIr A LT Z AT IO0N V AL UE S

1// fiX*4SMI1,X,4HSHIP4X,16HSMTPSX*%HSHP?XsHDELTVFVV#*Xq.,144CqEF*Xq
2THINITIAL,';X~bt4TI,4 , 2X**OPE-RATIONAL*/
3 6X,3HN0.5E,1,HOWNE.44HTvPE4xYqg4ITINERAPYhW.7W4T,4ATIOESu,
44HPORT5X,1,HPORT,7X.5HAVAlL v3XfTYPE'//I

DO 7fi t1 19 W4 HI P
JSAVf = TSe4IP(I )/100000I00
TF IJSAVE - 320) 76197beeTho

760 NPOOL = NPOOL * I.
ISHrpti) = fl0(TSNTPlTI.1Q;C0OO4SI + 30 * O&DOD0OG
A~O TO 762

761 LVENTI = I
L.YFNT2=2
I VFNT3 = Q

ZSHrP(Tl = P4OD(ISHTP(Ilol@00600001
762 1 TF04P 11) =MOD(rSHIP(!I/1009tg)

ITFMPC?l = l40flISWIP1I;%l0h3
JTIEP(31 HODITSHIPTI/14688.1Q00
ITTEP(4) 040n (TSýTP21D/iQO,10,

F TTENPIS) =MOO fRISHTP24T)eIII1
I TFIIP f61 MOD(ISH[Pt(T)fL10SOO6O1081
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OP= N4004TSNTPITI/#164g,2g1 *1
WRIIfEIGO?7I to 1ITEMPIN3,' 4 a 1961~ VENP~P

7 l- CONT INUE
WRITE 169741

?a FOR"ATEIH11
CALL TAKE
RETURN
END

r
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*9ECK "CVFl
SURROLIVINF MOVF

C COMMON FOP GENFRAL 14PUTS AND VARIABLES
COMM ON
I NSTYPE.NNPOIRT.MFTVPENTHEA.NITIN,TFVAL,TSTOPNSNIPORENVIII.

3 KEVEN, loil),NFVENT, TVENT.LvEWTI.LVENTZLVENT*I.IOS"TP.ICORO.RWt
r COMMON FOR St4TP VARIARLES ANO I'TINFWARY P0ORTS

I SP FD (21;1 *CAP AV ( 251 CAPACV42 5), CSTSEA4 25) *CSTPPT(251 ODWAFT 1251.
? KTRNS(?5$,AflJTRN(Z5),(AQSN4P6251,ISHIP(I.C3~,IS"!P1(bOI8iI ~3 NPITIN(IgI.NPITMII(LD),NPITNZIII).NTITNlIIOI,NTITN2EIO).
a KPREFI(2SI, KPUFF2(25RSKCMANG(25)

C COMMON FOR PORT VAQTABLFS AND FACILITY DATA

I NFPRT(I 10 NFPPYZ(3fl),VTTPRY(.301,TDLAI30I,AOJPRTI301,CSTHnLISII,

Z OFTPRTI30ITTQDN,KFPRTI(301,ICFPRT2Z30I,AOJRAT,PWTNAMI3U.21

I NKARr~CKARGO(4flOO),ISWCSTSvS,NQj.MQ2,NQ3,NOUEUFKOUEuE('.Og1.

3 AfljCG0(A)
C COMMlON FOR OUTPUT VARIAMLES

COMMON
I ,(ARGnLI3fl,n,6I,NQPORT(.30INPRFAC(30.6),KPGSHP(3098).TQPORTg3U),
2 KRGGEN(30.M.,NPOOL.IOUT,TVOLAVI25).TvnLUSE25) ,TVAV(6fd.i$TVUS(&6)6
COMMON/A/ OIPNAMI6.21
COMPMON/NNTAR/NTAD12001,NT
TSAVF = P~nflIHP(sIfln,;mIp).lfoo
JSAVF =MOD(ISMTPEinsHip)/to002,isi@
KSAVF = mon(ISHIP(IflSMTP)/todoGo9,piool
MSAVE = mofl(IsNip(inSHIPI11gO9jO)
NOI M~OD( ISHIP2(10S141P3 f taoo0a0iua i
IF (VFNIP(TnSMTPI/1090000001) 4595,45

1; IF (JSAVE) 5,0~
10 'AVTTM = n TST( NOI .KSAVE) /SPEED IXSAVE)
I~ S STSY'; = CSTSYS fSAVTTM 1 (CSTSFAtTSAVEI CSTA0OM(MS;AVF)1 .

20 LVFNTI =TO SHI PFLVFNT2 =2
LVFNT3 =0
TVENT =TIME + SATTIM
CALL PUT
rF(IOUTI 25925.24

24 WRTTE (6.A61 TME, insHIP. MDI, KSAVF ,TVENT
2S~ NO? = mflfl(KW OPO10 IOO0Q. 101

N7=NT~i

C 1000TVN

CALL TAKE
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CSTSYS 3t CSTSYS f TTIRAN* iCSTSEA (ISAVF) *CSTAOpgNSAVFI I
IF (lOUTv 25,ps.46

46F OISAVE a MnfrIISNIPZIIOSI4IP) / 100.10)
WRITE 4694YO TINEqPIOSNTP*NQ1*NSAVF

4,7 FOR14AT £/IOX94.AT %F5.1.1U.H DAYS. SHIP NO. 913914H1 LFAWING PORT
112952H4 TO JOIN TNFATER POOL. CURRENT DELIVERY TH4EATER IS 4T13
G~O Tn 25

56 1 z ISNIP24TOIS"TPO/163I08008
IF (IT) 5.q

Sq IF 11 SO360,0 7
60 SAVT1I4M NOD6NTlTN1IJSAVEIf1OI **II-1191001
65 IF IMSAVF - 11 15,20,15
TO SAVTT" "ODINTITNZIJSAVE)I100 **(i-61*1001

60 TO 65
75 IS" NQ2

GO TO 65
go; FORMAT(/i$X,4MAT ,FSel*16H4 0*15 SNIP NO. 9139146H LFAVING PORT,I 112*1614 WOUIND FOP PORT 9f2 ?N1 ETA o FS9195H DAYS I
qq WRITE (6910t)
101 FOPMAT Wf/79" YOUR ERROR TS THAT A SNIP IS LEAVING, A FACILITY TYP

iE ZEROI WHTC" IS NOMMXSTENTI/I
CALL ENOGAM
RETURN
F Nn

I:J
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'L)FCK PORTI
SUAROLITIP4F PORT
CCMmN O

I N'%TYPFNNPO'RT.NFrYPF,NTI4FA.NITIN.TFVAL, T'TOP,NSHIP.QflFNTI 1?).
? CSTAflM(f),.CSTnfN(RI,PRnfliJc(f,6,RIofltST(3L,3L),IKTT,"FfI,.Pi.TTNV
.1 KLVFNT(I.1n)I,NFVFNT * YVFNT. LVFNTI.LVFNY2,LVENr3.YflSITPSKwOnfl.N
rCOMM ON
I 'ýPF F n i? s s CA P A rW f25) ,CmpAP rV 5 1, C TSF A (Z 51 ,CS TPPT (2 5). rVZA FT f I)

? KTRAISI2rI ,Ar.JTRNq?'5),KaR4'NP(z51,'TSHTP(i.00l,1sHTP?(E,00).

3 NPITYN(I0I *NPTTNIif0).NPTTN2(1U).NTITNI1i0),NTTTN?(10I.e
14 KPUFFI(2r51, KPPFF2I?5l).(CMANGA2c5I
rC MMON
I NFPUTl(30) ,NFPPT2(3O), ITHPRT(3o).TOLA130) ,AOJPPT(301.CST~nLIIOI.
2 OFTPPT(301,TTQAN,,CFPUTI(30I.KFPUT2(30I,AOJRAT,PQTNAM(10.2l
ClO M ON

1 NKARGC,KA RGO (4000a)ISW. CS TSYv NO1. NO?. NOS, NQUElF , KOIJFlJF b0il.
2 KOGNI(100O).K(OrN2(18000I.CGnGN3(1000I,KGOGN%(1000) .NKCnG,C,NADJLno
3 AflJCGOIAI

COMMON/R/ NTRAN(6IhNFAC(tO1tKCARGEhd.NTEMP(6,,Tr.TkPnRTf4TYPFq
1 J.LLqSHPWTqSHPVOL9NFAC9SAVTIN
WETGHT=nFNI;TrY=VOLUMF= 0.0IIF IISW) 1,91, 50

I NTYPE = moOIIsH!P(InSHIP1,ICO
NPORT = mon(ISIHTP(IflSHTP)/i0QaU0oo,00)
T1=
KARAMT 0
KARTYP =0 fSTLSAVF =NpORT + 100 IfHP

'. TF t #400(KARGDII),100000l - LSAVF) 795or
r5 tASAVE =KARGOT / 10O00000

IF (MSAVF-KARAMT) 7.7.6
0; KARANT= SV
KAUTYP = MOII(KAPOhITI/100000, 101

IF (I-NKARGO) 4,498 *

LL M0OIKTPAMSfNTYPFI~ifl)
NSAVF = KTRANS(NTYPF) /' 10I.q NTPAN(II moO( NSAVE/10**(I-1) 910 1
I = T
IF 11-6) q9,9,t2

12 1I=1

NTEMP(IT MOnINFPRTi(NPORT) / IFX 910001
NTFMP(I+,31 = NOOD(MFPRT2(NPoRTl / IFX 91000I
NNFAC( I I = NTFMPII I - MOD(KFPRT1INP0RT) f IFX910001
NNFAr(t.3) =NTEMP(1*3) - mon(KFPRr?(NPORT) / IFX.IG000l

IF (1-31 13,13.1501
1501 IF (KPREFIINTYPF) I 16,16,1502

1502 I KPREFI(NTYPFI
IF (NNFAC(Tl-t I 15)03,39.39

150 3 IF IKPREFINTYPFJ Is 50q.15091,1504
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1504 1 KPREFZIHTYPFI ~
IF (NNFAC(IP - 11 1505*3q,39

L445 I = KPREFl(NTYPf)
IF (N1FMP~I3 I £50891IGR.'t5l?

1587 .JSAVE =I

t58R 1 = I(PREFZ(MIYPF)
150q IF (NTEMPIID I 16.i6.150T

16 IF (KAgAPNT) 1619229161
161 1 = I

SAVE 0
162 IF CNTRA;(M) 163920,163
161 j= 1
16& IF fNTFMP(Jlf JL9,lq917
17 IF (PRODtJC(J*I,P¶ARTYPI-SAVE) 19*19*16
I Z SAVE =PRonuE(Ji.lXARTYPI

JSAVE'= J
ISAVF = T

IQ J = .jft
IF (J-60 6,1*1

20 1 =I + I
IF 11-6) 162, 1629.30

22 I = I
MSAVF = 6

23 IF (NIIFAC(I-MSAVE) 259 25,24.
24) 14SAVE = NNFACIDI

LSAVF = I
25 1= 1#1

IF (1-6) M323.26
26 IF f"SAVE) 48v4Gv27

TT= LSAV

3C' IF (NNFACIIIIF~ 3;3'V33A

3!. AFST = P~0. E.SV.&TP
KSAVE = SV 1R%

v. IF (NN-6) Il 3 35o35,3
36 IFS ievROO- ~fv) 469KkP6.37
3 1=KSAVF

35 1 = T IV
3I F (1-3) 3q2,32Z,36

G~O In 393

392 KFPRI2JNPORTl = KFPRTI(NPfORT) * i0004*(1-1)
39.1 tIPRFAr(NPORr.I3 NPRFAC(NPf)RT,I) + I

KOWNFP =4flfl(TSHTP(Iflsm!pi/teoqio)
NFAC = I
KmOflF -mnnflh ipiSHPIfsmIP)1foo toi)
SAVTTM 0. [

N 0
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3931 "SAVE z IOSNIP'1gg NPORT
IF (NOOIKAWCOEL),1I66010 - NS4AVE) 391.,399,3q;

394 L aL t
IF (L -NKARtGO) 3931,393j,3qS

M9 IF (N)I07,9
396 KSTART =L - N A7,g

ESTOP =WNARGO - N
nO 397 L = KSTART.KSTOP

397a L # N

396 KARGOIL) = KAR

NKARO = NKARGO N

GO TO 70
399 KARGwO =KARGOgLl

N =N +1
GO TO 60

40 flO 400 JJ~jd
400 NTRAN(IJJI=

41 IF (MOOIK QUEUE(I.±1) -00 NPORT) 4.24
42 J =MOO(KOUEUE (r)Ilaflaao,101

NTRAN(J) = NiRANIJ) + i
IF (J-11 44,44,43

43 IF (NTRAN(J-U1 ) 431,431,44
431. IF (WTVNP(J-1) I 4444

44 = I+l
IF (I-NQcUEU &j,41.47

415 JSAVF z -
46 KTTNF = 10. * TTMF

N01 = NPORT
NO? = JSAVF
Nu3 -- NPOvRT ('liwu(IuSgrp* 1000 * JSAVE 1 0 *KYINFI )IF (lOUT) 462,462,460

460 WRh1F 16,461) TINEQYODSHIp. NPORT, JSAVE
46? CALL QUEUF

CALL T4KV
4? IF INTRANIJI I 461.47'9,'.1

4? IF ENTENPIJI k819~i4819480
485 jrAVE = J

ro TO 46
461 -MSAVF = 500

JSAVE = 0

490 IF INTRAN(TI MSAVFI 4q01.4q?,4q2
4901 IF (NTEMP (II 1 492,492,491
491 MSAVE = NTRAtIp

JSAVE =I
4Q? I = 1#1

IF (I-6) 4909 4Q0,416
50 I = s

Isbi = a
NPORT = 'llflNQ3.10GI
IOSXIP = niflNO3/jcaqijgg 0
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IF ( OUT$ 5029,50 2,5900
500 WPITE (6,501) TI~ I w ostff p te-

50LSAVE = Nn3 / 1O00000
SAVF FLOAT(LSAVFI / L0.
SAVE = TIME - SAVF
TOPORT(NPORT) TQPORT(NPORTl + SAVE
NTYPF M0OISHTP(InSHIPlqiosi
KOWNEP, =mon(rStIP(IOSHIP)/i60,1§1
CSTSYS CSTSYS*SAVE4 (CSTPRT(NTYPE).CSTAOýM(KOWNFIPI I
K I1
LL = 140(KTRANS(NTYPEI.101
NSAVE =KTRANS(NTYPFI/I0

51 NTIPAN(X) = mofl(NSAVE/t8*fIK-tl.101

IF (K- 6) 51v5iv3q3
60 KARTYP. MOO(KAPGwn/oIIoooio.1

KARANT =KARGWO/1000000
VOLUMF= FL OAT (KARA PTI /AOJCGO CKARTYPI +VOLUME
WEIGHT = FLOAT IPARAMTO + WEIGHTI DEmSITY= WFIGHT/VOLUME
KARGOL(NPOIRTeKARTYP*KOWNFRI = KARG0L(NPORTKARTYPKOWNFRl KAWRAMT

61 IF (NTRANIT)) 62963,62

62 SAVE = SAVE + PROrOLC(NFAC.I*KARTYPI
63 I = I + 1

YF (1- 63 61,p61 ý64
64 TF ILL-1) 66.66,65
65 SAVE = SAVF * AflJTRN(NTYPE)
66 IF(SAVEoGT.0.) GO TO 67

GO TO 3%k
67 SAVTI" = SAVTII4 + FLOAT(KARAPTI/(SAVEO AOJPRT(NPORTIS

Go To 3q4
70 ITINN = mo00(ship(iosHIPD/1160S *is@)

CKRrSUM - SUMS CARGO AROARn IN WFIGHT ANO VOLUME FOR SHIP NUMRFR(!DSHIPI
on 700 1 =1.11'

700 NNFAC(I) = 0

I.SHPWT =0
71 IF ( MOD(K4PGO(Ll/i6U,i000) - TSHIP 75,72,76
72 ISAVE =MOD)(KIRGO(L/t100910aUi

SAVE =KARGOWL / 1010000
SHPVIOL = SHPVOL + SAVE
SNPWT = SHPWT + SAVE / ADJCGO(ISAVFI
IF (I-WO 73975975

73 ISAVE = OO(KARGO(L),1001
IF fl) 7 319 78#9731

731 IF (IS AVE -NN FAC 1) 74 7.75 974
7'. 1 1+1I

NNFAC911 = ISAVE
75 L =L +1

IF (L-NKAWGO) 71911,76
76 00 16 1 1=1,95

761 KCARG(I) = MOO ( KARSHP (NTYPE) /104*(I-I), 101
IF (ITrNN3 i00,770170
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77 TF (KmoDF - 1) ?0,771,?TC
'701 PSAVF =TT HPPTINPlRT I

rO TO A0
77t NSAVE =mn~flIsMIP?( tOSMTPI/t00,.10)

IF (TTHPRTWNPCRTJ - MSAVFI 30,772.0%0
71? MSAVF = MOO1I.SMTP2(TOSHTP$.1S0I

IISAVF =T THPR T(4ýA VE I
80 I 1

j I
TI 0

at TF (I - NrOPTI fQ2.8F429 R?
8? IF (rTHPQtf 1) - MSAVF) 84?.83,84?
Al IF (DFTPPTE)-OP.AFT(NTYPF) 1 8429.030,8P30

83(1 CALL LOAR
IF (J - NKGOGN) 831,8 31,949?

831 IF (SHPWT - CAPACW(WTYPF) )832,942,942
R3? IF (SHPVOL-.80'CAPACV(NTYPF)) 842.q42.q',2

8'I +
IF (T -NNPORT) 6j,5j,9h.2

94? T= t

IF (J) 951,9S4.951
951 IF EITHPQT(JI TPTN,)P) 9,,5,5
95? TOUST = OISTINPORTJI)

IF tYPIST - NSAVEI 9S3,q54*954
953 .W SAVF = IflIST

WIF (JSAVF) 10901
98IF (KMODFE - 11 150,s120,.150

110 NSAVF = Mflfl(SHTPIIPSHIPI. 1000000)
TSf4IP(TOSMqTPI= NSAVE výJSAVE * tcoma3o
IF (KNOOF. - il 117,Il2.ill

112 IF tIIINNI 1il(,11¾11l7
113 IF (SHFWT-CAPACW(NTYPE)) 114,117.117
114 IF (SHFVOL-.80'CAHACV(NTYPFUl 115,117,117
11lý IF (OFTPRT(JSAVE)-ORAFTfN.TYPFI) 117*116,116
116 TI I

LSV = SMIIDHP /10188

rTVFT = TIME .1 + SAVTIMfGSTTIA(NPOR tTl

IVFNTi = TOSHIP
LVFNT2 = I
LUENT3 = NFAC
IF (TOUT) 11qia

118 TOUT =TVENT - TIME
SCN 180. *SI4PVOL / CAPACV(NTYPE)
WRITE (6911'111 TIMEIDSNIP, NPORTv NFACv TOUT *SMPVOL.SCN
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IF IVOLUP4E) 119911900009S
81000 !F(KTRANStNTYPE)*E0* It I NCGO = I

TIFKTRANStNTYPEI.EQ*100000l I NCGO = 3
!FIKTRANS(NTVPES.EQ). 1001 1 NCGO z 5
IFtKTRANS(NrvPEI.EQ. 11001 1 NCGO = 4

119 CALL PUT
CALL TAKE
RETURN

120 MSAVE = HOD(ISHIP2ItfSt4IPI10010I
IF (ITHPRT (NPRT)--MS4VE,' 1309121,130

121 ISAVE = OOD(ISH!P2IIIISH!Pl.110)
IF ISHPWTSIM121.251.1221

1221 11 =I

KSAVE =I.123 J = NP4FAC(Il
IF (J) 1230912491230

1.230 IF (J-LSAVF) 1232.P1231.1232
1231 KSAVE =J

1232 101ST = DISTJ,t4PORT)
IF (101ST - NSAVE) 1233.l24,124

1233 NSAVE =101ST
KSAVF J

124s T = r + 1
rF (1-101 123,123,125

12z c IF (KSOVED 127,01251.127
1251 KSAVE = ISAVE
127 SAVE! DIST(KSAVE.t4PORTO SPFED(NTYPE)

SAVEI = tIMF + SAVTTM * SAVE! + TOLA(NPORTI
NSAVE =SAVE!

* -Is~iIPz(IOSHIPl = MnOOTSHIP2f1DSHIP),1300) + 1000 * SAVF
t28 NSAVE = mofl(ISHTP(YflSHIP)91090000I

TSHIP(IDSHIP) = NSAVF + KSAVE 4 1000600
GO TO 117

130 IF (Sf4PVOL - .60 * CAPACV(NTYPF))IM101140.140
1301 IF (SHFWT- .80* CAPACW(NTYPFII i31.1I.6.14C

131 P4SAVF = 1400(1S14P2(TnSHIP)/I10,I0I
NSAVE = fTHPRT (NPORT)
ISAVF = KTIMF(NSAVE.MSAVFI
JSA&VF = MMD(SH!P2(I0Sl4!P'/1000 .1G090
LSAVE =T1l¶E
JSAVF = ISAVE - JSAVF
IF (3*JSlkt/F - ISAVE) 1372213?2213?1

1321 IF (SHPVOL- .2*rAPACV(NTYPFl) 1322* 13221,140
1322 I 1

SAVE! = q.
N =0
SAVFJ = 0.

133 IF (ITHPRT(T)-NSAVE) 1354.,1330,13514
1330 IF (I - NPORT) 1331,1351#91331
1331 IF (OFTPRT(!I-nPAFT(NTYPE)) 13549133291332

F133? IF (KPREFI(NTYPE)) 133391333913320
13220 nn 13321 JI = 1.3

TEX = 1000 **(JT - 1

I:NTFMPIJII mcnfNFPRTi(Il/TEX. 10001
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13321 NTENP(JI.3) =MOO0(NFPRT24I)/IEX,100@1

JTEMP =KPRFFI(NTYPFI
IF INTEPIP(JTFMPII 1332291332291333

t3322 IF (,:PPEF2(NTYPE I I 1154., I3r,4, I323
13323 JTFMP =KPREF?(NTYPFI

IF (NTEMP(91'ENP) I 1354.1354,1l333
1333 K = 1

134 TV (ITt4PRT(K)-MSAVFI 135,1t341,135
134.1 TF (OFTPRTIK1-DPAFT(NTVPE1W 135,134.2v1342
134.2 TF (KPREFI(NTYPFI) 13163.134.3,13420
13420 flO 13421 JI = 1,3

TEX =1000 V*(JT - t1I
NTFMPIJr) = M0O(NFPQTI(K),IFX.Q000)

134.21 NTFMP(JI+31 = Nofl(NFPqR2(K1/[FX9jgofl)
JTEMP =KPRFF1(NTYPE)
IF INTEMPI.JTEMP)) 134.22.13422,1343

1342? IF(KFREF?(NTYPFI) 1359135913423
134.23 JTENP = KPRFF2(NTYPf1

IF (NTEMP(.DTEMP3I 135,135,1.133I:t343 ISAVE = K + 100* I
GO TO 1372?

13 s K = K + 1
IF (K - KNPORT) 134.,131..1351

t351 IF (SAVET - SAVFJ) I3M3.13S3. 1352
1352 JSAVF = r

SAVEJ = 'ýAVEI
13S3 SAVFT = 0.
1354.=+1t

IF (I - NNPORtr) 133.1.33.1361
1361 TF (SAVEJ - 500o) 136,110,110
13 F IF (SHFN.Y) 16091689140N
137 IF (HOO(KG;OGNI(J),10000) - ISAVE) I 1372.135

1371 J j J 1
1372? IF (J1- NKGOGNP 137.137.1351
1372 1 1

jSAVZ Mfn(KlrsrN1(J)/1O00GO.1O
1371 IF (KCAIRG(L)-JSAV2) t374,1375.t3716
1374.L1=1+1I

IF (L-51 t1373 .137.3.1371
1375 SAVE! = SAVE! + CGOGNS(J)

GC TO 1371
14.0 1 =42.1.t1.

141 SAVF = ISTq
KSAVF = J

11IF (I-jO)Ti 142142,11914?

1..IF (TOISTAVF) E 14114259143,14

t4.41 rFVOLAV(NTYPF) TVOLAV(PdTYPF1 + CAPACV(NTYPE)
TVOLUS(NTYPF) TVOLUSINTYPFI + SHPVOL

IP= IT)4PRr(NPO~rl
JDJ = THPRT(KSAVF)
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TVAVIPYJnl = TVAV(tp.jfli + CAPACV(NTYPEO
TVt)S(TP*JOI =TVUS(TP.JflI+ SHPVOL
GO Tfl 12M

14 9i WRTT F 16,141*6 IflSITP. NPOWT, MSAVF i
CALL FNDGAM

150 NSAVF =ITHPRT(NPORT)

K1I
SAVEI = 8.
SAVEJ = 0.

151 IF (ITHPRT(T)-NSqAVFI 154.39 IS12,154.3
151?2 TF (DFTFRT (I)-IJPAFTENTVPF)i t5h3o15121.1512i

15121 IF (KPREF1*NTYPFI) 1513.1513.151*.
±51'. Ptl l'~t.% JI 1,03

TEX =1080 *'(JI - 11
NTEMPEJIV M~fl(NFPRTlfTl/IFK.. 000)

15141 NTFMPIJI+3) =MPDINFPRT?(Tl/IFX,100I)
F JTEMP = KPQFFi(MTYPFl

IF (NTEMP(JrEMP)) 1515.1515,1513
1515) IF (KPREF?(NrYPF)l 1543,154391516

1516i JTFMP = KPRFF2(NTYPF)
IF tNTFMPqJrEMPIP) 1543,1543.1513

1513 J = I
152 IF (ITHPRT (JI-NSAVE) 153, 1S21, 155

1521 IF (flFTPRT(.11-OPAFT(NTYPFl) 153,115?2.1522
1522 IF (KPREFI(NTYPFI) 155.155.,15221

i52;"& DO 15;222 JI = 1,3
TEX =1000 *(JI - 11
NTFMP(JI) = MOEHNFPR~l.(Jh/IrX.10801

15222 NTEMP(JI*3) = "0O(NFPP'f2(Jl/IEX, 1000l
JTFMP = KPPFFt(NIYPF)
IF (INTEMP(JTFMPIJ 1523,15 23,155

1523 IF (KPREF2(NTYPFI) 153.155.1524
152*. JTFMP = KPREF2(NTYPF)

IF (NTEMP(JTEMPI) 153*1539.155
153 J = j + t

IIP 0 - NNFORT) 15?91529i5a.
154 F(AE.-SVJ 151.29152.2,1541

KSAVF = I
15'.? SAVFI = 0
15'.3 1=I +1I

IF (I - NN~r0RT 151.151.1544
1544. IF ISAVFJ) 1609160t128
i5S MSAVF = J + 10e T

GO TO !5q
15E IF IMODEKGOGNIIK)910O0uI - MSAVEI 1.58,1561, 153

1561 L I
LSAVE = MO9(KGO(;N1(Kl/iau8g,10e

1562 IF (LSAVE - KCAP.GIL)l 1563,1I57.1563
1563 L = L 4, 1

IF qL - 5) 1562.i5629t5:I
157 SAYEr = SAVEI *CGOGN3(K)
15R K =K + I
15q IF (K -~ G 1btON 156,1569151*
160 JSAVE =TIMF + T(RAN * SAV) IN + rOLAINPORT)

IF IJSAVE -320) 1602,1602t1601
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16C 1 JSAVF 32
rO TO 1O04

160? IF (TTRAN -1. i 6ol¶,160',1604
I F0l JSAVF = JSAVE I
1604 NSV = '400fIS14IP(Tnsmip~ij,tmaoo0 i

ISHIP(IOSHTk3) =JSAVE L 00000000 4NS A V
GO TO 117

17G T = t
nn iroo JJ 1.10

17GO0 NNFACIJJI 0
KK=NPIrr N(T INNI

171 NNFAC(IT MOO)(NPItNI([TINN),100"9(T-1),100)

IF (1-50 il1,171,17?
177 IF WeK - 9') 173*173,17;!1
1721 T I
172? NNFAC( 145) = MOOI(NPTrN2(IrINt4I,100"*(T-iI,i~OO

IF F (NNFAr(JJI1 - NPORT) 174191744,1741
11J.1 = JJ +

TF (Ji - KKI) 1716*174.17I.2

CALL FNOGAM
1744d KSAVF =JJ

IF (KOWNFP - 11 1751180.1t7
175Si
1751 jj = JJ + 1

TF (JJ - KSAVFI 177.1762.177
17A~ IF (Sf4PWr - CAPACWINTYPFI) 17fit,17f6291762

1761 IF (SHPVOjL-.80*rAPACV(NTYPF)l 1751v1762,1762
176? TF IKSAVE - KKI 176 4.176 3%176',
1763 1 1

GO TO 1765
176.4 1 K SAVF + I
17l65 KSAVF =NNFAC(I)

ismip?(IOsHrps MOfl(ISHlP2(iflsNIPI.i00000000) * I'ioaaeOocoo
rGO TO 12R

177 IF (JJ - KI(I 1772,t772,1771
1771 JJ = I

177? j= I

I =NNFAC(JJ)
CALL LOAf)
rO Tn 176

180 IF (KSAVE - KKI Mi01.102*1801
1501 1 = KSAVE + I

GO TO 1803
180? I = I
1803 NEXT = NNF Au(II

ISHIP2(insmriP lqnOOTSHIP2 UOSH!P) tofo 0 aco I + 100000000
ISAVF z10. 4 TIME + 0O.1
NNFACIJJ)) = 0
J =NFVENT

11IF (MOO(KF~VFNTfJ)-v1hU00I - ISAVE) l~iR1ift1.~90
L611 NSAVE MOO(KEVFNT(J/1080080,100)
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IF (NSAVF - 11 162, 1622s 162
15? IF (NSAVE - 21 1821,1822,1821

1521 J =J I
IF IJ) 1R1vIqD,161

1622 JSAVE KEVFNT01~1O6000000l
IF (NOOiISMIPlJSAVF)/10110lO.1OI! - PORTI 1S21.i8249tS21

1824 NSAVE = MOD(TSHIP21JSAVFI/10O,101
MSAVF = MO0(ISHTPlJAVE),100l
IF INSAVF - ITHPOTINPORT) I 156.1621*1826

1826 IF (HOOITSHIP(JSAVFI/1OI.1I1 - 1) 18299162L1829
1629 IF 4MOD(ISHIP(JSAVFI 1 1S0000.100) 0 1830,1838.IR?1
1830 1 = I
1531 JSAVE =NNFACt I)

IF IJSAVFI 1632.1845,1832
183? IF (ITHPRT(JSAVFI- NSAVE) 16459 t4,339 1645
1533 IF (DFTPRT(JSAVEI ORAFT(MSAVEII 1645,1S3'.,1834
1834 IF (KPREFI(MSAVF) I 1844.*.84491835
1835 nlo 18361 K=1,3

IFX = 1000 -4( 1)
NTEMPI(K) =MOD (NFPRr1(JSAVE),/TEX9 1000)

15361 NTEIIP(KI3) = MOD (NFPRTZ(JSAVEIIIFX.1iOOI
JTFMP = KPREF1(MSAVE)

186IF (NTENP(JTENP) ) 1636.18,36.1644
166IF IKPREF2(MSAVF)) i645,184S,1837

1837 JTEMP z KPRFF2(MSAVFI
IF tNTEIIP(JTEMP)l 1845,184591644

1844 NNFACII) =0
1845 I1= I I

190 TI = 3
JJ = KSAVF'

1901 iJJ = JJ +41
IF (JJ - KSAVF) 1969193,146

191 IF (SHPWT - CAPACW(NTYPESR 192,193.193
192 IF (SHPVOL-.80#CAPACV(NTTPF)l 19O1,t.3*193
iQ3 NSAVF = On(ISHTP(InSHIP).1Uj0008)

ISt4IP(IOSHIP) = NSAVE + NEXT 0 100086
GO TO 117t

146 IF CJJ-KK) l96?*1962,1961l
1961 JJ = I

IF IJ.) - Kl;AVF) 1q62,1q3,1962
196? IF (NNFACIJ)JI) 197,1901.197
197 J I

T NNFAC(JJ)l
CALL LOAD
GO TO £91

461 FORMAT(/tDX,414AT F,V.I.IFH DAYS, SHIP NO. ,13,18H ARRTVFn AT PORT
I I12,34H4 TO JOIN QUEUE FOR FACILITY TYPE *121

501 FORMAT (/ 10X 94HAT *F591*16H DAYS* SHIP NO. ,13915i4 FNTFRING PORT

1181 FnPMAT(/tAX.'.HAr vF5.i.16H DAYS. SHIP NO. 913,154H ARRIVED AT PORT

1 91292ZH SFRVICED AT FAC. TYPE.I2, 594 FOR F5.2,sH flAY'q12HFINA
2L VOL = F6.09. 54 NT.PCT= F4..0

14Ee FOOMAT(/~//1H SHIP NO. % Ike 18l1 LFAVIt4G PORT NO.* %T39 451H WITH N

10 CARGO FOR ASSIGNEOD ELIVFRY THEATFQ. IS I

1743 FORMAT(///ROH YOUR ERROR IS THAT CURRENT PORT IS NOT ON SHIP-S ITT
INERARY IN THE PPESFNT EVFNT /1
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*OFCK PRINTI
SURROlUT!,E PRINT
C OMMON
I NSr'VPF,NNPORT,NFTY('E.t4THEA,NITJN.TFVhALTSTOP,NSHIP.RO)FWTh121.
? CSrAOM~i),csrTONqA)*PROur.(6,6,eI1nrnfST(C3o),KKTrwpw6,61*TrMF,
3 KEVENT (eul),HFVEMTv TVFNtf.Lv9NTl.LgFt4I2,LVENr 3.TflS,4IPKWO*fl,*N
rO MMON
I SPFEn(25),CAPACW(?5).CAPACV(25),CSTSFA(251,CSTPIPT(?5).flRAFTI2S).o
2 KTRANS(?g,*flJTRN(Z;I.gAR'S*P(25,.tSHTP(..0I),ISHTP2(b00).
3 t4PITIN( O16,NP!TN1IIO),N4PITN2qIO) .NTITVNiI1OhNTITN2EIO),
I. KPREFI(!519 KPPFF2(IP5).lCN*ANG(25)
COMMON
1 NFPRTI(.'.Q 3NFP01Z(30),TrMPRT(30,.TflLA(.'tO) AEOJPRrCi0I*(.CSr~fLI30)
2 OFTPRT(30) ,TrRANobCFPRT1I3Q),KFPRr?(303 ,AOJRAT,PRTNAM(30,2)
C 0MMON
I NKARGOKAOGOt('gfj) .TSWGsrSS~NO1.P4O2.NQ3,NCUEUFKQUE3JF(41II.
2K1-OGNqI(OOa,,KrGOGN2(1ooa,.CGOGN3(Imoo3,KGOGN'.q100o,.NKGnGN.AnJLn.

COMIMONSE rF(D

roMMON/NNTAO/NTAR(2001.NT
DIMENSION tNFACffA),NTOTYP(Al 9TFMP16*61
COMMON/C/ KRGn(40)9NPOOLM(b&J).NTSTOP

LVFNT2=r
LVFNT 3=f
TVFNT=TIMF +TEVAL
CALL PUT
IF (IOUT) 2.2,3

3 WRITF(6,tOll
7 KPGSCR=O

KRGGCR=O
flO 4 1=19A

4 NTOTYP(II 0
14F =1
SAVF = CSrSvS/008060.
IF (ISWI 51o

5 WPITF (6,1t02) TTMF
10 WRITF (6,103) TIMFv SAVFo NPI)OL

1=1
IF tIVE(tl*Nik.i) GnT0 8FI

15 IF(IOUT) 11,11912
it WRITF(69131 TvfPRTNA'ifT,K),Kz~l.?

(6O To 14
tz WRITE (6.104)1. TPQTNAM(TvK),K=i.2)

14 DO 16' K =1,6
NFArIK) =0

DC 16 J I-01,
I F) NFACtK) =KAQ~mflT.j*K) + NFA(r(K)

* ~K1
IF (IOUT) 21,21.20

21 WPTTF(6917)
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GO TO PS
P A WRITT (6,1135) (CINPNAH 1KI. .Jr-1,21, (KARGCL( ItJK). J 1. 8)4F A C(K I

K =K1
IF (K F 1 20 20 ,25

2S nn 26 K = It
NFAC(KVI 0
no, 26 J = 1.6

2 6 NFAC(Kl = NFACIKl KAkGflL(T.,K,,J)
NTOTAL =0
n0 27 K 19A
NTnTYP(K) =NTOTYPIKI # P4FACCK)

27NTOTAL = NTOTAL + NFAC(KI
IF (IOUV) 271.,271,27?

271 WRITF(6,274) 4 MFAC(K), K~t,41, NTOTAL
GO TO ZT3

272 WRITF(6,i1?) 4 IIFACIKI, K=1.53, NTOTAL
273 XRGDCR= KRGflC.R4 NTOTAL

ITFMP = 0
110 28 J1i.a

28 ITF14P = ITFIIP + KRGGFN(leJ)
KRGGCB =KRGGCR + TTEtIP

IF (lOUT) 261.281,242
281 WRITF(6,28~sI(KRr.G(N(I.J).J=1,83 ,ITF3IP

282 WRITE (6i,113) 1OT N
WRITF (6,107) (KRGGFNlI9J).J=t,8).TTFEqP

283 ITFMP =0
DO 29 .1 = 1,8

2q ITEMP = TTMP * K'RG3IP(IJ)
KRGSCA = KRGSCn + TTEMP
IFIIOUTI 291.9.29i;P2

291 WRITF(6,2q~l(KPrGSHP (I9JlsJ=tq8).ITE"PI
GO TO 293

2q2 WRITE (6,1061 I
WRITE (6,1.073 IKRrSMP(II.J J~i*A) *ITFNP
WRITE (6,1081 T
WRITE (b.1093 tNPRFAC(I.J)g J=j.NFTYPF)

2q3 J=1
30 NFACIJI = MNOO KFPRT1(I)/1O000'~tJ-1).10GG)

IF (J - .31 3C,30,35
35 NFACIJI = M0131 KFPRT2(T)/1100"(wJ-Id.1000)

IF (J - NFTYPF) 35,p3 5 ADC
40 IF (NQUEUIF) 50,70 ,50
50K X
55 IF IMO0(K0UEUlElK)9i0fJl - T 365,60,70
60 L = MOD( KQJEUE£K) 1100006.14)

NFAC(L) = NFACIL + I
6$iK =K +41

IF IK - N0UEUF 55955,70
To IF(IOUT) 71.71.7P
72 WRITE 1691M13 I

WRITE (691093 (NFAC(J), J=1.NFTVPE)
71 JSAVE = 0

j =I

75 JSAVF = J5SAVE *NPRFAC(T.Jl
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rE UJ NFTYPFl 5 58
80 SAVE JSAVF

SAVE? Nr)PORT(ID
IF(SAVE.LF.C.) Go TO 86

SAVE =ISAVF2 / SAVE) too*0
R6i rF(SAVEZ.LF.0.) GO TO OF

SAVE2 TnPORTfl) /SAVF2
TF (TOUiT) 870,4?0,S71

471 WRITE (6.111) To SAVE, SAVE?

IF (IIEQM~.EKFINF) COTO 9
qq IF (IOUT.30 Gn91qqi~q
991 W ITE 16,116) G ( TOTY(641.

Q? WRITE (6,1011) KGCRSBKGC
4A E TINE

NPOOL(MNEQTKFF) INCOTO1

COTOu.F0 GOAn:iO
91 WRITE (6*iaif) Moyj9I.S
q2 WRITF 469 1 Is) GGBKSCoKGB

MIMEVLA(.L~. GO TO 1
SAVEL M=M 100. =NPVOLUSI VLVI

IF(ITOJT*LFOh GO TO 1000
WR!TF(q6,18)IAV

000 150 iQ l.=NIMSTY

IF(TV0AVTJ.LF.0.l GO TO 1500
SAEMPIJ = 100. f TVOUS(TD j f TVOAV(I J

IF(IOiITeLF,01 GO To 15@
WRITEI6911q)T SV

n0 151 1 1.NTI4FA

no TA(.J.FQ 155 To 1,NTY
SAEMPIj = SAVE * TYO USIT) i VVIj

IF(ISAV~oF2.E0) GO TO 152

t2 SAVE 10.*AV/VE
156WRTE261~ SAV

WRITE (6,101)
P0 15651 I=1toNST Y

SAVE SAV + TVLU92

1135SAVE = SVEZ TVOAV~A



NTAR14I132NTA9( I)ioauaOgs0O
NTAB2(13=MOO(NTABJII)/t00A0SIOOlgOI
NTA831T)=MOD(NT*BhTI/10000I. tot,
ryAF)4( D =MOO(NTAB II 1*, 1000003

1561 CONTINUE
rF (IOUTmLF *a0 Go TO 166?
WRITEI6.156034((TABIIJ3.NTARZ(J3.NTAS3'J1JITTAB4iIj)JI=vI.NTI
RETURN

1562 MN10
181 FORNATflHi9
102 FORMAT(//.047X93HAT ,FS,1937M DAYS, T H E G A M E F N n F nl)
103 FORMAT(//ff#6Xq3,3HS Y S T F M S T A T U S A T .F15&19H n A Y

IS//26X,2i#HCUMULATIVE SVSTEM CnST =.Fe.3.9H (MIL 213.IOK.33HCURRENT
P NUMBER OF SHIPS IN POOL =.T~f//54X*3tHP 0 R T I N F 0 R IM A T I
3 0 N1

10*. FORMAT (//49Xv25MCARGfl DELIVERFo TO PORT 1292ZXv?Afi*
i ISH BY TYPE (MT)I/
26SXviCHCARr.O TYPE12SX95HOWNFR, 15X,2H 1,FX92H 29?X,?H 3,yy.?H U.,TX
3,2H 5,TX92H 6,TV921t ?,.TE.2H 89fiXeSHTOTAL3

105 FORMAT1/?rX.2Ab6.6K8I9,1103
106 FORMAT(//,d1K,4lHTCTAL AMOUNT OF CARGO SHIPPEO FROM PORT 912,15M

1 BY TYPE ('4TI/3qKZN 1.TXv2H 2.7X.?H 39FX,2H 497X97H 3-.7X.2H 6,?X
292H 7.?X,2H 8,6X9SHTOTAL I

107 FORMAT(31.X,819*TIO I
108 FORMAT(//d.IX,S7HNUMRER OF SNIPS THAT HAVE USED PORT *1791A94 BY F

IACILTTY TYPE/55Xo?H 1.SE.?H 2,PSX92H 3,5X.2H d.,5X.?H S5.5K.H 63
10q FORMAT1(5tX,6171
110 FORMAT(// 29K,6IHNUMRER OF SHIPS (I NCLUDING THOSF IN OUF!JF) CURRFNT

ILY AT PORT 912,18H BY FACILITY TYPE/55X,2H 19SX,2H 2v5Xv?1 3p5K,
22H 4.5 X,2H 5,5X,2M 63

lit FORMAT(// 3IOX,58HPERCENTAGF OF SHIPS THAT HAD TO WAIT TO DTSCHARGF
1 AT PORT 91795H = .F5.1, 9H PER CENT/ 46X,36HMFAN WAITTN($ TIMF 0
2F THESE SHIPS = ,F5.197H nDAYS I

W1 FORMAT (/32X,5HTO)TAL .V6,aIq, ic0)
113 FORMAT(// 4IX,a.IHTOTAL AMOUNT OF CARGn GENERATED AT PORT 1I?.15H

I BY TYPE (MTI3/qX,2H 1.?K,2H 29TXoZH 3,7X,211 4,7X,?H S.TX,2" 697X
2,2'H 7vX92H 8,F6w.51TOTAL 1

114 FORMAT ( 40K. 2M= . F6.11
1±.5 FOPMATf I,25Xvi2HCAPGO TOTALS 9 5X*.33HTOTAL AMOUNT OF CARGO) GENE *

IRATEO = 12/42X*33HTOTAL AMOUNT OF CARGO SHIPPED tlU4?K2.33HTn

2TAL AMOUNT OF CARGC IELYVERFO = T12/I
lit( FORMAT( /'.IW.40HCUMULATIVF DELIVERFED CARGO BY TYPF (MTV/3RK.2H 1,

ITXv2H 2,7X,?H 3.7y,2H 49FXvZH 597X,21H 6,7X,2H 97X92,H Af34XqA!93
1II FORMAT(// *24K.?4HPFR CENT OF SHIP VOLUME USED BY NON-ITTNFRARY SN

lIPS LEAVhING HOME THEATER //1
li& FORMAT (30XICHSHIP TYPE T6, 14H ',iSFD VOLUME F6.11

119 FORMAT(I///,?5X,74HPFR CFNT OF SHIP VOLUME USED BY NON-ITTNFRAPY SH
lIPS LEAVING HOME THEATER /f40V.i9HnESTINATION T4EATFq/ 25Y,
26HORIGIN,6X,1Hj,9X,iH2,qX,1H3,9K,1H4.9K,1H5,9X,IH6i/25Y.7HTHEATFR I

120 FORMAT fZRK.Ii,1%X*6(F6i,1*X1 1
1560 FOPMAT(2-5X.~HSHIP TYPF,SX,1IHORIGIN PORT95Xi6HDFSTTNATION PORT,5X

C,3HETA//(/29K.I?.IZKT2.17X.12,IiX.F5.13)
13 FORMAT (/50 X.*POPT *'.I?.3X92A6)
17 FORMAT(253X,*CAPGO TYPE*,iX,1X*i'.OK,2%8X,*3*t ~*4 .*5'.8K,'6

274 FORMATf25X,*TOTAL O)ELIVFRET1*8Il1
284 FOPMAT(25X**TOTAL GiENFRAT~FO *,8I900l)
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*DECK Purl
SUAROUTINF PUT
roMMON

1 NSTYPF,NNPOR I NF TYPE, NT MEANIT IN, TFVAL 9TSTOP, NSN TPPWOFNT 121 0
2 CSTACM161 CST TOWS I*PROUUC (6,6,S) AIST (30,301 ,KKTrMF(6*F#I,TTW*
3 KfVENT(410)oNFvFNT. TVENT.LVENTI.LVFNT2.,LVENF3,YOS"[P.KWGRnRN
CO0MM ON
I SPEED(25I.,CAPACW(25,,CAPACV(25I.CSTSFAI25),CSTPRTI25).nRAFTE2~,.
? KITRANS(?5I.AnJrRN(?.)KARSHP(25;.r,4rp(P400lxSHyP?4bog,,
3 NPITINIIO) ,NPIrNI(l81.NPTTN2IIOI.NTTTN1WIOINTTTN2IIOI,
4. KPREFI(5SI, KPPFF(25)%Kr.HANGq2'i$
COMMON
i NFPRT1(I@I.NFPPT2(30I,!fTMPRT(01G.nLA(3O) ,AOjPRT(S0I.ICSYMOLq3Oi,
2 fFTPRTt30),TT*AN.KFPRTif30t.KFPRTZq303.AO)JRAT,PRTNAM(3I.2I

CO0MNMON

2 KGnGN±(IOOhPKG~CNM(1000ICGOGN3wfuoo,,KGOGNa,(1ooa,.NKGnfNqAnJLn*
3 AOJCGO(RI
COMMON

1 KARGflL(30.RF,),NOPOQT(30).NPRFAC(30.6) .KRGSHP(30.8).TPOoRT(30),
2 KPGGFN(310,8I.NPOOL,TOUTTVOLAV(?'Io)TvnLUS(?5) ,TVAVf6.,,1.TVUS(6,6I
COMMONIAI ONRNAMI6*?I

TTMF~TT =10. 4 TFFNT

KTEMP z((( LVFNTi*100 + :::::2, 10 +LVENT3) t 0000) + KTP

NEVENT =K KTP
IF TNVN 1i 39N

IITS .r(FF TK-l100
IF WET KTP 292i

2 WEVNT(K) KFVFN(K-1
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*OFCIC OUEUFI
SURIROLTINE QUJFI3F
C014M ON

1 NSTVPENMPORTNFTYPF.NTHEA.NITIN.TFVALTSTOPNSHTP.WOFNT(12Ii.
2 CSTAOP4Ui .STN8.pnc6,,tnF(C31K'CTFf~i.TFr3 KFVFNT(410I.NFVFNT, 1YFNTLVFNTI.LVFNr2,LVENT3,r.HPKOR

iSPEEDO(2S) 9CAPAC.WI251 *CAPACV42 51 C'.TSEA 425),1S1'PWT (?5l , rQAFT (251,
2 I(TRANS(?5IAOJTRNI25IKARSNP(j5),TS:4TP(4COIISHIP2(40IjI.
3 NPITTNE1OI.NPIrNiI 1G,NtPIrN210C,.NTITN1(IO)NTTTN2(10'e,
4 KPRFF1(251,p KPPFF2(2S)*KCHANGI25)
C OMMON
I NFPRT1(iOI ,NFPPT2(.3o).THPRTI30i.TnLAI30,,AnJPRTqlo,.c'TI4OL(30).
2 OFTPPT(38ITTP*N,KFPPT1(303.KFPQTZ(30),ACJRAT,PPTNAM(309.?

I NK*Ac.OIAPrOU6O00, 9TSW*CSTSYS #NQN02e NOS, NQUEUE.KOUEIIF(k 001

2KGOGNI(1O00I,Kr~OrN2(1O9a).CGOGN3(1000IKGOGN4(tQOIO)NKGOCN.snj.LO.

C OMMON
1 KARrvOL(3I.86).lNO3POQT(3II.NPRF'AC(30.6),KRGSHPt30.Nbl.TfPOQT(30).
2 KRGGFN(35,R).NPOOL.IOIJTTVOLAV(25).TVOLUSI?5) ,TVAV(6.61.TVUS(6.ieI

rO9WqON/A/ ONRNAM(6.21
L =NOUFUF
TF (NO31 70.1921

IF (LSAVF - 14011 3.a,,qq

4 14SAVE NOD(WItFUE1MI/1U000Sg910
IF (NSAVF - NQ21 3, F).3

" = 4+141
TF fM-Ll 5.5 vqq

6 N03 = KQUEUF(M)
7 btsOUEUE(041 KCIUFUE(M*1)

N = m*1
IF (M-L) 179 ft

a NOUE'JE = wnn0FiE -- t

GO TO 9q
20 If (L) 21.24.21
21 I.SAVE = NOOMKUVUEIL1.101)

IF (Nal-LSAVEI 22923924
22 KOUFUEILfllI KflUEUFIL)

L = L-1
GO TO 20

23 HSAVE = 1NO04KQUE*UFIL)/101I60O.10)
IF (NQ2-ieSAVE) 22924,24

24 KOUEUE4L.1I = N03
)IGUEUE = NO3tlEIF + I
HOOTqii RETURN~j)+

99 ORFTURM 1 NPRINI
E Nf
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'Fl~rK RQt4Gi
SUBROUTIME QNG

I NSTVPF,NNPOPT,NFTVPF.NT*4VA.NTITN.TFVAL.T!ýrOPNSH!P.ROFNVII2).
? CSTADPW6 .csTtON(8IpRoeuc6,6,&o.nl!ST430,,CCibKKTTA4Fff,fi).TIIMFq
3 KFVENr4*11O,"EVFMT. IVFNI.LVENT1.LVENTZ,LVENT3.iflsHIPKWOIRO.RN

I SPEFn)(Z;I~rAPACwgCA.CAPAtV(?5I,oCrSTFA(255.csTPA'T~?I:PnhAFTI25).,

U. KPREFt(2519 KPPEFi42S),KCHAMC,2rof
COPMON
1 NfPRTI(381.NVPPYV3O3.!THPRT(30).VOLA(301,AOJPRI (300,CSqT~nfl3q3),
2 OFTPPT(3gI.TrPPN.KFPRtt~iloeFPrIT2g3a,,AOJRAF,PIIv4Aw(30,2,

I Nm(AQrGOKAeGGO(U.Ae*ISW*CSTsSYNO1,NO2NO3,NcOtpI(Xc*QUEtffqUSggo
I KGfl(Nl(IODOO)KtrflGN2IIOD9I.CGOVN3(101G,,KCO0GN4(1flOI.NKGflGN.AUlLO.
I ADJCEGO(41
C0MM ON
I KARGnflL30 v 69 61 9OPVRT 130)oINPRFAC 13.6*6 ,KfGSNP (30 *8 0,TOPORT(301 oI 2 KPGGFN(JIA1,NPOOLIflUT,TVOLAVI?5),TVOLU5(255,TUAV(r..6I,TVUSq6i~f)
COMMON/A/ ONRNAP'I69?1
SAVE = RN * 37.

ISAVE = ~AVF
SAVEI = SAVE
RV 'TURN
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'POEtCK TAKEI
5SURROUTINF TAKF

I NSTYPE*NNPORT 9FTYPEoNT04EA 9NTT IN*TEVAL TSTOP, NSH TP, POWY (121
2 CSTAnmfr,),CSTvtýN(C)*PROOUrCr,.6981ofITST(30*303 KKTIMFIS-oFd*TIW9
3 KEVEHT410'.1,MFVf7NTv TVE4TflLVENT1.LVFkt2,LVENTJ.ItVnIIPKWORO.RN
COMMONM
I SPEEn u(2 .CAPACW(25),CAPACVCZSI*CSTSEA(25$,CSCPRT%25).fnWAFTC!?Sl

3 NPITIN(III ,NPTTN1(1I).HPTTNZ(uSI @NT!TTw1f1ONfTTTN2IVJ.jý
4 I(PREFI(251, KPPFF2(2S)9KCH4ANG(2S1

COMMON
1 NVPRTj(N6) ,NFPPT2(30),[YMPRT(3O.,rOLAE3O),AUJPRTI30),CSTNOL(30).
?DF-TPPT(3OI,TTRAN,KFPR.1(38),KFPRT?(3O1,ADJRAt.PRTNA"(30.21
COMM ON

2 KC.OrNI(IGOG!.Kr~OGN26100QI.CGOGNNf1SflO),KGOGNd.(tOO0l.NKGflW.WAOJLO.
3J Aflc~w~OA
CO0MM ON

2 KRGGCNdig.t).NPOOL.flUT.TV(lLAV(25).TVnLUS(25),TVAV16vfiloTVUSfiv,.l
COH~nON/Af ONRNAM16&.?

7 KWORI) = XFIFl4T(NEVFNT)

NC'qr NEVENT - I
to =14cKWonO.lariogI

'KE=TP /~ 10.
Tnse4Ip= K'40R0 10000O300 I

1 I = MV 0 n 1004.10 12

GO TO 7
12 o inl (1q?,39495'.61 9 1

ICALL MOVF

3 CALL CARG~FN

to CALL KRGFVL
S ALPRINT

Zlo TO ?
6 CALL vtFPl#;AM
RFTURN
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